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PREFACE TO THE SIXTH EDITION. 


A coNSiDEHABLK number of illustrations have been 

added to this edition : and .several of -them have 

* ^ « 

been taken, not from the Hugaan subject, but from 
the Rabbit, the Shebp, the Dog, and tiie Frog, in 
order to aid those, who,*in accordance with the 
recommendation contained in the Preface t» the 
Second Edition, attempt to make their knowledge 
real, by acquiring some practical acquaintance with 
*the facts of Anatomy and Physiology. ^ 

My thanks are again due to my friend Dr. Foster, 
F.R.9., for many valuable suggestions, and, more 
especially, for the trouble he has taken in super¬ 
intending the execution of the new woodcuts. 


l.(*Ki)ON, Seplmkr 1872. 




•PREFACE TO THE SECOND EDITION. 


Tui-: present etlilion of the Jwessons in^Elementary 
l^hysiology/^ ha*s been vc^ry carefully revised. A few 
woodcuts have been added ; others have been re¬ 
placed by better ones, as in ,the caseof.tlie figures 
of Llic leliiia, which embody *Lhe results of SchuUite^s 
latest researches. • ’ . * 

.Some additions (but iis Jew as possible, lest the 
book shoul 1 insensibly lose its elefliefttary charsEbter) 
liave been made ; among tlie most important I count 
the very useful “ Table of Anatomical and Physi¬ 
ological Constants"* drawn up for me bj^Dr. Michael 
- Foster, for whose friendly aid I am again glad to 
expreaii my thanks. 

It will be well for those who attempt to stijfiy 
Elementary Physiology, to bear in mind the impor¬ 
tant, truth tjjat the knowledge of science which iis 
attainable by mere reading, though infinitely Jretter 
^than ignorance, is knoiyledge of a very differeitt kind 
from that which arises from direct contact jvith facj } 



viii • PREFACE TO SECOh/J) EDITION. 

and that the worth of the pursuit of science as an 
intellectual discipline is almost lost by those who 
seek it only in books. 

As the majority of the readers of these T.esson.s 
will assuredly have no opportunity of studying ana¬ 
tomy or physiology upon the human subject, these 
remarks may seem discouraging. But they are i.ot 
so in reality. For the purpose of acquiring a prac 
deal, though elementary, acquaintance with physi¬ 
ological ai.atomy and histology, the organs and tissues 
of the commonest domestic animals afford ample 
materials. Xhe principal points in the structure and 
mechanism of the heart, the lungs, the kidneys, or 
the eye, of man, may be perfectly illustrated by the 
coiTespoiiding parts of a sheep; while the phenomena 
of the circulation, and many of the most important 
properties of living tissues, are better shown by the 
common frog than by ai.y of the higher animals. 

Under these circumstances there really is no reason 
why the teaching of elementary physiology should not 
be made perfectly sound and thorough. But it should 
be remembered that, unless the learner has previously 
acquired a knowledge of the elements of Physics and 
of Chemistry, his path will be beset with diftiouities 
anti delays. 

T. H. H. 


l.OKDON, July 1868, 



PREFACE TO THE FIRST EDITION. 


The following Lessons in Elementary Physiology ” 
are primarily intended to serve the purpose of a 
text-book for teachers and learners in boys* and girls* 
schools. 

My object in writing them "(las been to set tiowiij 
in plain and concise Ungiiage, that which any person 
who desires to beconic adj^uainted with tlic prin- 
ciples of Human Physiology may with sjffair 

prospect of having l)ut little to uplearn as our know¬ 
ledge widens. ^ 

4 It is only by inadvertence^ or from an enor in ’ 
judgment, therefore, that the book contains any 
statement, or <loctrinc, which cannot be regarded as 
the common properly of all physiologists. I have 
endeavoured simply to play the part of a sieve, afld 
to separate the well-established and essential from 
the doubtful and the unimportant portions of the 
vast mass of knowledge and opinion we call Hjinian 
Physiology. 



PREFACE TO FIRST EDIT 10 I>f. 

1 

,The r?riginals of the woodcuts are, for the most 
part^ to be found in the works of Bourgery, Gray, ‘ 
Henle, .ind Kdlliker* A few are new, 

I am particularly indebted to niy accomplished 
fri(!:nd, Dr Michael Foster, for the pains and trouble 
he bestowed upon the Lessons in their passage 
through the press, 

Tif^ Ro^l School ok Mines, Lonuun, 

Ocioifer 1866. 
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L E S Sp N S 


I.V 

ELEMENTARY PHYSI@Lj6)GY- 


LESSON I. 

•!> 

h 

A GENERAL VIEW OF THE STRUCTURE rtJW 
functions Ofi' THE HXIMAN BOnY, 

1* The body of a living man jjerforms a. great diversity 
of actions, some of which are quite obvious ; others re- 
tiuire more nr fess cartful observation ; and,yet others pn 
be detected only by the employment of the most delicate 
appliances of science. 

Thus, some part of the body of a living Hian is plainly 
always in motion* Even in sleep, when the limbs, bead, 
anQ eyelids may be still, the incessant rise and fall of the 
chest continue to remind us that we are viewing slumber 
and not death* 

More Careful observation, however, is needed to detect 
the motion of the heart; or the pulsation of the arteries 
or the changes in the siie of the pupil of the eye with vary- 
light; or to ascertain that the air which is breathed out 
of the llody is hotter and damper than the air which is taken 
in by breathing. « 

* And lastly, when we try to ascertain what happens in 
tht eye when that organ is adjusted to different distances : 

B 



2 ELEMEMTAR V PHsVSlOLOG K [lisss. 

or what in a nerve when it 'is exditcd : or of what materials 
flesh ^nd blood are matle : or in virtue of what mechanism 
it is that a sudden pain makes one start—we have to call 
dnto operation ^11 the ineihods of inductive and deductive 
logic ; all the resources of physics and chemistry ; and all 
the delicacies of the ait of experiment. 

2. 1 lie sum of the facts and generaliEations at which we 
arrive by these various modes of inquiry^ be they simple 
oi' be they reflned, concerning the actions of the body and 
the manner in which those actions are brought about, con¬ 
stitutes the science of Human Physiology, An demerit ary 
outline of this science, and of so much anatomy as is inci¬ 
dentally necessary, is the subject of the following Lessons ; 
of %vhich I shall devote the present*to an account of so 
much of^the'structure and such of the actions (or, as they 
are technically called, ‘‘functions *0 of the body, as can be 
ascertained by easy observation | or might be so ascer¬ 
tained if the bodies of men were as easily procured, exa* 
mined, and subjected to experiment, as tbj 5 sc of animals. 

3. Suppose a chamber with walls of ice, througli which 
a current of pure ice-cold air passes; the walls of the 
chamber will of course remain unmelted. 

,Now, having weighed a healthy living iT‘aT> with gieat 
care, let Inm walk upTand down^the chamber for an hour. 
^In doing this ht will obvipusly exercise a great amount of 
(mechanical force ; as much, at least, as would be required 
todift his weight ks high and as often as he has raised him-^ 
sefi at every step. But, ia addition, a ceitain quantity ofcLc 
ice will be mehed, or converted into water ; showing that 
the man has giver off heat in abundance. Furthermore, if 
the air which enters the chamber be made to pass through 
lime-water,< it will cause no cloudy white precipitate of 
carbonate of lime, because the quantity of carbonic acid 
in ordinary air is so small as to be inappreciable in this 
way. But if the air which passes out is made lo take the 
.same course, the lime-water will soon becofte milky, from 
the precipitation of carbonate of lime, showing the pre¬ 
sence of carbonic acid, which, like the heat, is given off by t 
the man. ^ W 

Again^ even if the air be quite dry as it enters the chain- ' 
ber(and the chamber be lined with some material $0 as to 
shut out all vapour from the melting ice walls), that which 
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is bieathcd out of the man, and that which is given off 
from his skin, will exhibit clouds of vapour; whicir\mpour^ 
therefore, is derived from the bt)dy, ^ 

After the expiration of the hour during wthich the expe-* 
riment has lasted, Jet the man be released and weiglTted 
once more. lie will be found to have lost weight * 

Thus a living, active, man constantly exerts mechanicaL 
fyree^ gives off heat^ evolves carbonic acid and water^ and^ 
Tjndei goes a loss of substance, ^ ' 

4. Plainly, this state of things cotild not continue (or 
an lAilimitcd period, or the nmn would dwindle to nothing. 
But long before the effects of this gradual diminution of 
substance become apparent to a bystander, they are felt 
by the subject of the experiment in the form of me two 
imperious sensations called hunger and thifst, *Tro sSU i 

- these cravings, to restore the weight of the body to its 
fonner amount, to enable it to continue giving out heat, 
water and carbonic acid, at the same rate, for an indefinite 
period, it is absolutely necessary that the body should be 
supplied with each of three things, and with thi'ce only* 
These are, firstly, fresh air; secondly, drink—consisting 
' of water in some shape or other, hoAvcver much h iftay be 
‘ adulterated ; thirdly, food. Hi at* compound known to 
chemists as proUid matter, and whTch containi carbon, 
hydrogen, oxygenj and mtrogen,,must forrft a part of this 
food, if It is to sustain life indefinitely j and fatty, starchy, 
pr saccliarine matters ought to be contalhed in tJie fo^, 
if it is to sustain life conveniently^ 

5. A certain proportion of the matter taken in aa food 
cither cannot be, or at any rate is not, «sed ; and leaves 
ih^body, as cxcrcmetilitious matter., having simply passed 
through the alimentary canal without undergoing much 
change, and' without ever being incorporated with the 
actual si^stance of the body. But, under healthy con- 
diiions, and when only so much food as-is necessary is 
taken, no important proportion of either proteid matter,^ 
or fat, or starchy or saccharine food, passes out of the 
fcody as such. Almost all real food leaves the body in 
ihe forffi either M water, or of carbonic add, or o# a third 
substance called urea, or of certain scelim compoundsf 

Cheniisis have determined that these products whichPare 
thftjwn out of the body and^re called cxcreiiom, coiilain, 
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if taken altogetherj far more oxygen than the food and 
water ^taken into the body, N ow, the- only possible source 
whencf the body can obiain oxygen, except from food and 
Vater, is the aU which surrounds it.' And careful invest 
tigUtion of the atr which leaves the chamber in the imagi¬ 
nary experiment described above would show, not onl/ 
that it has gained carbonic acid from the man, but that it 
has lost oxygon in equal or rather greater amount to him* 

6. Thus, if a man is neither gaining nor losing weight, 
thp sum of the weights of all the substances abovtj enume¬ 
rated which leave the body ought to be exactly equAl to 
the weight of the food and water which enter it, together 
with that of the oxygen which it absorbs from the aijr. 
And this is proved to be the case* 

^ ‘‘Heticf it Tol'ows that a man in health, and neither 
gaining nor losing flesh,is inassantly oxidating and 
wasting away, and periodically making good the loss. 
So that ifj in his average condition, he could be confined 
in the scale-pnn of a delicate spring balance, like that 
used for weighing letters, the sc ale-pan would descend at 
ev.?ry meal, and ascend in the intervals, oscillating to 
equal *y}istances on each side^ of the average position, 
which would never be 'maintained for longer^ than a few 
minutes.* There isf' therefore, such thing as a sta¬ 
tionary conditiAn of the weight of the body, and what we 
call such is simply a condition of variation within narrow 
li^^its—a conditfon in which the gains and losses of the 
numerous daily transactions of the economy balance one 
another. 

7. Suppose tllis diurnally-balwinced phvsiological state 
to be readied, it can be maintained -only so long as the 
quantity of the mechanical work done, and of heat, or 
other force evolved, remains absolutely unchanged. 

Let such a physiologically-balanced man lif^a heavy 
body from the ground, and the loss of weight which he 
•would have undergone without that Aertion will be 
immediately Increased by a definite amount, which 
cannot be made good unless a proportionate amount of 

L 

T countTy air contninit in every iw nearly ai oT ouygen and 

79 of nitrogen together with a hmall fraction of tort of rarbonic icid, 
a minute imoenaln p'OT^irtion of ammo^a, and a variable qusoiilty of waiery 
vapour- {Ucc Lcssnn IV. | ii-J 
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extia food be supplied to him. Let the temp^iature of* 
the air fall, and the same result will occur, if iii% body 
remains as warm as before. 

On the other hand, diminish his exertiop and lo^er hi^ 
production of heat, and either he will gain weight,*or 
some of his food will remain unused. 

Thus, ill a properly nourished man, a stream of Tood is 
constantly entering the body in the shape of complex 
compounds containing comparatively little oxygen ; Ite 
constantly, the elements of tht food (whether before or 
aft(v they have formed part of the living substance) Are 
leaving the body, combined with more oxygen* And the 
incessant breaking down and oxidation of the complex 
dbmpounds which enter the body are definitely propor¬ 
tioned to the amount of force the body exerA, wj^ther*in^ 
the shape of heat or otherwise ; just in the same way as 
the amount of work to be got out of a steam-engine, and 
the amount of heat it and its furnace give off, bear a strict^ 
proportion to its consumption of fuel. 

8 * From these general considerations regarding the 
nature of life, considered as physiological work, we 
may turn for the purpose of taking a like broacUsurvey 
of the apparatus which does th(? work. We have seen 
the general performance of the engipe, we irCay^ow look 
at its build. T * 

The human, body is obviously separable into Af/tdf 
and In the head, the baain^-case or shtU 

is distinguishable from the The trunk is naturSHy 

divided into the chest or thorax^ and the belly or abdo- 
vien. Of the limbs there are two pays—the upper, or 
arm&^ and the lower, or and legs and arms again 

ar6 subdivided by their joints into parts whifih obviously 
exhibit a rough correspondence—J^i/^A and uppir arnt^ 
leg and fore-arm^ ankle and lurist^ finders and 
plainly aliswering to one another.' And the two last, in 
fact, are so similar that they receive the same name of 
digits; while the several joints of the fingers and toes 
have the common denomination of phalanges, 

The^vhole b^dy thus composed {without the viscera) is 
seen to be bilaterally symmetrical ; that \s to say, it 
were spljt lengthways by a great knife, which should be 
made lo pass ^ong the middle line of both the dorsal and 
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ventral (or back and front) aspects, the two halves would 
almost exactly resemble one another. 

9, One-half of the body, divided in the manner de- 
'scribefl (Fig.»!, A), would exhibit, in the trunk, the 
cift faces of thirty-three bones, joined together by a 
very ^rong and tough substance into a long column, 
which lies much nearer the dorsal (or back) than the 
7 /mtral (or front) aspect of the body* "I'lie bones thus 
dut through are called thj^ bodies xhzvedebra. They 
separate a long, narrow canal, called the spinal canal^ 
\^hicll is placed upon their dorsal side, from the spiiAHous 
chamber of the chest and abdomen, which lies upon their 
ventral side There is no direct communication between 
the dorsal canal and the ventral cavity* 

^ ‘'The canal contains a long while cord—tlie spinal 
card—which is an important part of the nervous system. 
The ventral chamber is divided into the two subordinate 
cavkies of the thorax and abdomen by a remarkable, 
partly fleshy and partly mcin bra nous, partitioHj the dia- 
fkragm /J), which is concave towards the abdo- 

mfcn, and hooves towards the thorax* The alimmUu'y 
f, ^*) traverses these cavities from one end to 
the other, piercing the diaphragm, So does a long dotible 
series ofrfwtii®t masses of ner\;ous substance, which are 
' called ‘arc connected together by nervous cords, 

and constitute the %<^c^\\cdsympatheiic (Fig, i, .S)',)* The 
al^omen coikaiws, in addkion to' these parts, the two 
kmneysy one pLacii against each side of the vertebral 
column^he thicpancf^eas or “ sweetbread/^ and the 
tThe thorax encloses, besides its segment of the 
ftUmentat:y canal and^ of the sympathetic, the Aean and 
the two lungs. The latter are placed one on each side of 
the heart, wliich lies nearly in the middle of,the thorax. 

Where fhe body is succeeded by the head, t\i|e upper¬ 
most of the thirty-three vertebral bodies is followed by a 
continuous mass of bone, which extends through the whole 
length of the head, and, like the spinal column, separates 
a dorsal chamber from a ventral one. The dorsal cham- 
ber, or cavity of iJic sJ^uil^ op^ns into the Spinal cattaL It 
cor^ains a mass of nervous matter called the brain^ which 
is continuous witli the spinal cord^ the brain and the spinal 
cord together constituting what is termed the ctrebro-^inal 
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A._ A diagrammatic section of thf human body taken vertkaHy through the 
median plauep CS, the oerebro-spinat nervyUi syaiem ; Nt the cavity o'^ the 
tioisc; dli that of th§ mouth \ AL AL the aLim<riiLary canal represented as 
simple straight tube ; the heart \ the diaphrAgm ■ the sjnapntKetic 
ganglia. « 

Ih A traatvene vertical section of the head taken along the line d h ; Jetters 
a^^foTc. ^ 

V. A transverse section taken along the line c d; letters at beforie. 
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\ axis (Fig* ij C^*, C.S.), The ventral chambcrj or cavity 
of is almost entirely occupied by the mouth and 

pharynx^ into which last the upper end of the alimentary 
•canal ‘(called gullet or wsopkagus) opens* 

£o* Thus, the study of a longitudinal section shows us 
that tl^e human body is a double tube, the two tubes being 
completely separated by the spinal column and the bony 
axis of the skull, which form the floor of \he one tube and 
Uie roof of the other. I'he dorsal tube contains tlie cerc- 
brO’Spinal axis; the ventral, the alimentary canal, the 
syhnpatlietic nervous system, and the heart, besides other 
organs. 

Transverse sections, taken perpendicularly to the axis 
of the vertebral column, or to that of the skull, show still 
^i^re ch^arly^that this is the fundamental structure of the 
httman body, and that the great apparent difference be¬ 
tween the head and the trunk is due to the different size 
of the dorsal cavity relatively to the ventral. In the head 
tlie former cavity is very large in proportion to the si/e of 
tM’W ter (Fig. i, B); in the thorax, or abdomen, it is very 
smA (F^i,^C). ^ 

^ .The»limbs contain ^no such chambers as arc found in 
the body and the head but, with the exception of certain 
bnuiching tubes filled ,with fluid, which are called blood- 
*^sselszxiiiiyj^hatks^^x^ solidW semi-solid,throughout* 
II. Such being the general cliaracter and arrangement 
cmhe pans of tl^ human body, it will next he well to con- 
sitfer into what constituents it may be separated by the 
aid of no better means of discnmitiadon than the eye and 
the anatomist's l^ifc. 

With no more elaborate aids than these, it becomes 
eafey to separate that tough membrane which invests the 
whole body, and is called the ^kin, or from the 

parts which lie beneath it. Furthermore, it is readily 
enough ascer-ained that this integument consists of two 
portions ; a superficial layer, which is cBnsiaatly being 
shed in the form of powder or scales, composed of minute 
pirticles of horny matter, and is called the epidermis; 
i and the deeper, part, the dermis^ which is dtnse and^rbrous 
(Fig. 33). The epidermis, if wounded, neither gives rise 
to pain nor bleeds. The dermis, under liki;^ circum¬ 
stances, is very tender, and‘bleeds freely. A practital 
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disciuction is drawn between the two in shavhig, W 
course of which operation the razor ought ta c^t^tily 
epidermic structures ; for if it go a shade deeper^ it gives 
rise to pain and*blccding. ^ • , 

The skin can be readily enough removed from all njirts 
of the exterior, but at the marijins of the apertures of the 
holy it seems to stop, and to be replaced by a laydr which 
fs much redder, more sensitive, biceds more readily, and 
which keeps itself continually moist by giving out a m^re 
or less teiiadous fluid, calleJ miiats. Hence, at these ‘ 
apertures, the skin is said to slop, and to be replaced by 
mucous membrane^ which lines all those interior cavities, 
such as the alimentary canal, into which the apertures, 
open. But, in truth, the skin docs not really come to an 
end at these points, but is directly conti«ued«into dChe 
mucous iTicnibrane, which last is simply an inteSumen|Oi 
greater delicacy, but consisting fundamentally of th^same 
two layers,—a deep, fibrous layer, containing blood-vessels 
and nerves, and a superficial, insensible, and blopdless 
one, now called the epithelium^ Thus every part 
body might be said to be contained betweenytUHs ot| 
a double bag, formed by the epidermis, whichJn’^sts the* 
outside of the body, and*the epithelium, its continuation,^ 
which lines the internal cavities, % 

12, The dermis, and ^he deep, sartgniji^.^ayer, which-, 
answers to it in the mucous membranes, ate chj^y made 
up of a Blamentous f'Ubstance, which y^ields abundant 
gelixtine on being boiled, and is the matter which^ans - 
when hide is made into leather This is called areolar^ 
fibrous^ or, better, coufiertive tissue*' T^t last tjiame is the 
beat, because this tissue is the great connecting medium « 
by which the difTcrcnt parts of the body are |jeld together. 
Thus it passes from the ^ermis between all the other 
organs, ensheathing the niuscles, coating the bones and 
cartilages, and eventually reaching and entering into the 
mucous membranes. And so completely and thorough^ 
does the connective tissue permeate almost all parts of 
the body, that if every other tissue could be dissected 
away* a compiete model of all the organs would be iefit 
composed of this tissue. Connective tissue varie^ very 

* Everjf such constiKient of the body, as epidermis, or Ihusclc. 

1? Mikd a '' tiiBue.*' tScc 
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much in character ; sometimes being very soft and tender, 
at otl^rs—as in the tendons and ligaments, which are 
almost wholly composed of it—attaining great strength 
<ind dt^nsity* ^ 

/.3* Among the most important of the tissues imbedded 
in and enshcathed by the connective tissue, are some the 
presence and action of which can be readily determined 
during life* 

tf If the upper arm of a njan whose ann is stretched out 
be tightly grasped by another person, tlie latter, as the 
fortner bends up his foro-arm, will feci a great soft rftess 
which lies at the fore part of the upper ariii, sw'cll, harden, 
and bccom&»prominent. As the arm is extended agair\, 
the swelling and hardness vanish. 

^ On rtfipiovftjg the skin, the body which thus changes its 
configuration is found to be a mass of red flesh, sheathed 
in connective tissue. The sheath is continued at each end 
into a tendon, by which the muscle is attached, on the 
one h$id, to the shoulder bone, and, on the other, to one 
ot t^e bones of the fore-arm. This mass of flesh ishhe 
called bice^Sy and it has the peculiar property of 
changing jts dimensioiis—shortening and becoming thick 
in proportion to its deevease in*length—when influenced 
by the viyll as welL‘Ti& by sonje other causes,* and ot 
rethfning to its original^ form when let alone* This 
temporary change in the dimensions of a muscle, this 
$|uirtenmg at^ becoming thick, is spoken of as its con- 
It^Is by reason of this property that muscular ^ 
becomes tiie great motor agent of the body ; the 
muscles being‘^0(disposed between the systems of levers 
which support the body, that their contraction necessi¬ 
tates the mqticn of one lever upon another. 

14, lliesc levers form part of the system of hard 
tissues which constitute the skdeimx. The lcss,Jiard of 
these are the CartUages^ composed of a dfnse, firm sub¬ 
stance, ordinarily known as ‘‘ gristle.’* The harder are the 
QoneSy which arc masses either of cartilage, or of connec¬ 
tive tissue, hardened by being impregnated with phosphate 
land carbonate 0/ time. They are animal tissues ^hich 
liavq.become, in a n\atifter, naturally petrified ; and when 
the gaits of lime are extracted, as they may bo, by the 
, * ' Such cauifli ue cSllcd ^ 
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actiun of acids, a model of the bone in soft and flexible ' 
animal matter remains, ' m 

More than 200 separate bones arc ordinarily reckoned 
in the human body, though the actual number of distinct' 
liones vanes at djflferent periods of life, many bones whwh 
iiic separate in yiuith becoming united together in old age. 
Thus there are originall}, as we have seen, thirty-three 
separate bodies of vertebra: in the spinal column, and the 
upper twtnly^four of these cgmmonly remain distinA 
tlirougliout life. But the enty-fifth, tuenty-sixth, twent^ - 
bcv^ith, twenty-eighth, and twenty-ninth early unite into 
one gicat bone, called the sacrinn^ and the four remain' 
ii]g vcrtcbrEC ofun run into one bony mass^ called the 
Loay.w In early aduU life, the skull contains twenty-Lwo 
naturally separate bones, but in youth ih^ iiu^flber Is* 
much greater, and in old age far less. Twenty-four ribs 
bound the clu"'t late 1 ally, twelve on enrh sidc^ and most 
of them aie connected by cartilages with the Ijrcasl-bone, 
In the girdle which supports the sltouldcr, two bones are 
always distinguishable as tLc scapula and the clavif/t^ 
The/c/^y/j, to which the legs are altadied, consists of two 
separate bones called the (nm tHHCfmmata in, the adult; 
but each os mnomina{iim*\^ scpafhble into three (called 
pubis^ ischtnmy and iliumi in the yobfeg. There are thirty 
bones in each of the arms, and tJie same number in each 
of the legs, counting patella^ or knee pan* - 

All these bonts arc fastened iogethcr*byJigaments,jpr 
by ,can.iiagts ; imd where they play freely over 
another, a coat of cartilage furnishes the surfaces whieff ■ 
come into contact. The cartilages whiih thus form part 
of^a joint are called aiticular cartilages, anS their free 
surfaces, by which they rub against each othtr^ arc lined 
by a delicate ^juovial mem bra ne, which 'secretes a lubri¬ 
cating flyid— the syud 7 fia, 

15. Tbougli the bones of the skeleton are all strongly 
enough connected together by ligaments and cartilage^, 
the joints play so freely, and the centre of gravity of the 
body, when erect, is so high up, that it is impossible to 
make \ skeletdh or a dead body support itself in the ’ 
upright position. That position, easy as it seems, is^the 
result of ^he contraction of a multitude of muscles which 
o[!pose and balance one another, Thus^ the floot affording 
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^ the surface of support^ the muscles of the calf (Fig* 3,1) 
must^^coatract, or the legs and body would fall forward. 



Sh—A DlAtiR^M rLUrSTflATIrXr; THL A'ITACHMENTS of SOAlE OF TME 
UOST lUPORfANT MuSCLES WHfCK KEttP THE BOUV IN THE ERECT 
POSTUAG. 

], Tbe muACles of the calf IL I'Tiosic of the baO^ of the 111. 

Those Q* the itpine, 'fhese tend to keep the body fitun ftllipf forward. 

1 . tThe musMs of the front of the leg. a. lltabe of the fironf of the thigb. 
r T^jobo of the Ihwit of the abdoineh. 4 , 5 . lli<Ke of the fron^of the neck. 
ThoAc tend to keep_ the hodtF froiti IhJJine bnckwaridfi The amtirs indi^^te 
the dirvetTon of action of the tnuscle^^ the foot being fixed h 
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]}ut this actioD fends to bend the leg ; and to neutrafi/e 
this and keep the straight, the great muscles ii^front 
of the thigh (Fig, 2) must come into pliy. But these, 
tiy the same action, tend to bend the body forward 8n the 
legs ; and if the body is to be kept straight, they must ke 
neutralized by the action of the muscles of ihe buttocks 
and of the back (Ftg, 2, IIlV 

The erect position, ihen, which we assume so easily and 
without thinking about it, is tl^p result of the combine* 
and accurately propoition^d action of a vas^ numb::r of 
muisfcles. What is it that makes them work together ih 
this way ? 

^16* Let any person in tlic erect position receive a 
violent blow on the head, and you know what occurs. On 
the instant he drops prostrate, in a heap, with biS limBs 
relaxed and powerless. What has happened to him } 
The blow may have been so inflicted as not to touch a 
single muscle of the body ; it may not cause th^'10|s of 
LL drop of blood : and, indeed, if the ‘^concussi6ri^;gs it 
is called, has not been too severe, the sufferer, few 

moments of unconsciousness, will come to himself, and 
be as well as ever again. Clearly, therefore,* no per¬ 
manent injury has been ( 3 onc to hny part of the body, 
least of all to the musetps, but anMnfluence feas been 
exerted upon a something which goverrfs the muscles. 
And this iijtlucnce may be the effect of subtle 
causes. A strong mental emotion, and'even''a^ery t|^d 
smelh will, in some people, produce the same as a' 
blow. - 

These observations might lead to the conclusion that it 
IS ^he mind which directly governs the muscl^l, bik a 
little further inquiry will show that such is net tbif case. 
For people have been so stabbed, or shot in the back, as 
to cut tn^ spinal cord, without any considerable injury to 
other parts : and then they have lost the power of stand¬ 
ing upright as much as before, though their minds may> 
have remained perfectly clear. And not only have they 
lost tljp power of standing upright under these circum¬ 
stances, but th?y no longer retain any power of cither 
feeling what is going on in their legs, or, by an act of 
their volkion, causing motion in them. 

*17, And yet, though the mind is thus ct^t off from the 
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tower limbs, a controlling and governing power over them 
still remains in the body» For^ if the soles of the 
disabled feet be tickled, though no sensation will reach 
the body, the legs will be jerked up, just as would be the 
case in an uninjured person. Again, tf a series of galvanic 
shocks be sent along the spinal cord, the legs will per- 
form 'movements even more powerful than those which 
the will could produce in an uninjured person. And, finally, 
^if the injury is of such a nature that the cord is crushed 
or profoundly disorganized^ all these phenomena cease; 
.tickling the soles, or sending galvanic shocks along the 
spine, will produce no effect upon the legs. 

By examinations of this kind carried still further, wc 
arrive at the remarkable result that the brain is the 
s^^at of all sensation and mental action, and the primary 
source bf all voluntary muscular contractions ; while the 
spinal cord is capable of receiving an impression from 
tfte exterior, and converting it not only into a simple 
muscuUr contraction, but into a combination of such 
actions. 

Thus,.in general terms, wc may say of the cerebro- 
spina^ nervous centres, that they have the power, when 
they receive certain ihapressions from without, of giving 
rise to simple or combined muscular contractions. 

18. Biit you will further note that these impressions 
from without ^ different characters. Any pa it 
oj the surface of the body may be so affected as to give 
rite to the sensations of contact, or of heat or cold ; and 
any on every. substance is able, under certain circum¬ 
stances, to produce tliese'sensations. But only v^r/ few 
and comparatively sm^U portions of the bodily frame¬ 
work are competent to be atfected, in such a manner as to 
cause the sensations of taste or of smell, of sight or of 
hearing; and only a few substances, or partfcular kinds 
of vibrations, are able so to affect those regions. I'hesc 
very limited parts of the body, which put. us in relation 
'^ith particular kinds of substances, or forms of force, 
are what are termed s^moty organs. I'hery: are two such 
organs for sight, two for hearing, two fopsincll, afld one, 
or more strictly speaking two, for taste. 

And now that we have taken this brief vi^w pf the 
structure of the body, of the organs which support ^t, 
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of tlie organs which move it, and of the organs which , 
put it in relatioli with the surrounding world, or, ir^othor 
words, enable it to rrfove in harmony with influences from 
without, wc must consider the means by^which ail this, 
wonderful apparatus is kept in working orcten 

All work, as we have seen, implies waste. The work 
of the nervous system and that of the muscles, theVefore, 
implies consumption either of their own substance, or of 
something else. And as the organism can make nothing^ 
It must possess the means of oBtaining from without that 
whigh it wants, and of throwing off from itself that which 
it wastes; and w'e have seen that, in the gross, it does 
these things* The body feeds, and it excretes. But we 
nsust now pass from the broad fact to the mechanism 
by which the fact is brought about The o<rgan^ whifth 
convert food into nutriment are the organs of alimi^itatWH; 
those wliich distribute nutriment all over the body are 
organs of circulatmi; those which get rid of the waste 
products are organs of excreiion, 

20. The organs of alimentation are the mouth, pharynx, 

gullet, stomach, and intestines, with their appendages. 
What they do is, first to receiv^e and grind food.' 
They then act upon it with chemical agents, of which 
they possess a store which is rene*vcd as fast as it is 
wasted ; and in this way Separate it mto a hiiicf contain¬ 
ing nutritious matters in soluticfti or suspension, and in- 
nutritious dregs or „ if, 

21. A system of minute tubes, with very thin waBs, 

termed capillaries^ is distributed through the whole or-, 
ganisin except the epidcimis and its pro^Jicts, the epithe¬ 
lium, the cartilages, and the substance ot the teeth* On 
all •sides, these tubes pass into others, whicK are called 
arierks and ucitis; \vhile these, becoming larger and 
larger, at length open into the hearty an organ which, as 
we have* seen, is placed in the thorax. During life, 
these tubes and the chambers of the heart, with which ^ 
they are connected, are all full of liquid^ which is, for 
the most part, that red fluid with which we are all familiar 
as bloo^ ^ 

The walls of the heart are muscularj and contract 
rhythmically, or at regular intervals. By means of t^eae 
cofltractidhs the blood which its cavities contain is driven 
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in jets ofiit of these cavities into the artej;iGs, and thence 
into the capillariesj whence it returns by the veins back 
into the lieart. 

* Thivi is the arcul^iiwn of the hhoii. 

^^2. Now the fluid containing the dissolved or suspended^ 
nutritive matters which are the result of the process of 
digestion, traverses the very thin layer of soft and per- 
TTieabk tissue which separates the cavity of the alimentary 
f^anaL from the cavities of the innumerable capillary vessels 
which lie in the walls of that canal, and so enters the 
blood, with which those capillaries arc filled. Whirled 
away by the torrent of the circulation, the blood, thus 
charged with nutritive matter, entejs the heart, and is 
thence propelled into the organs of the body. To these 
organsdt supplies the nutriment with which it is charged ; 
from th%m it takes their waste products, and, finally, re- 
^rns by the veins, loaded with useless and injurious ex- 
icretions, which sooner or later take the form of water, 
Ici^rbontc acid, and urea. 

23. I'hese excretionary matters are separated from the 
blood by the excretory or^i^ans^ of which there are three— 
the and the kiiiktys. 

Different as these organs may be in appearance, they 
are constructed upo;t one and the same principle. Each, 
in ultimate analysis, consists of a very thm sheet of tissue, 
hke so much delicate blofting-paper, the one face of which 
istfree, or IineSfa cavity in communication with the ex- 
tetior of the Body, while the other is in contact with the 
'blood which has to be purified. 

The excreted matters are, as it were, strained from the 
blood, through this delicate layer of fiItering-tissue, and 
on to its fre^p surface, whence they make their escape. 
Each of these organs is especially concerned in the 
elimination of one of the chief waste products—water, 
carbonic acid, and urea—though it may awthe same time 
be a mqans of escape for the others. Thus the lungs are 
especially busied in getting rid of carbonic acid, but at 
the same time thev give off a good deal of water. The 
» duty of the kidneys is to excrete urea {together wirti other 
saline matters), but at the same time they pass away a 
largp quantity of water and a trifling anmunt of carbonic 
acid; while the skin gives off much water, some amount 
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of carbonic acid, and a certain quantity of saline maiccr, ^ 
amons which urea is, at all events, sometimes presjnu 
24. Finally, the kings play a double part, being not 
merely eliminators^ of waste, or cxcretionar)*^, products, 
but miporters into"TKe economy of a substance whicl'^is 
not canctly cither food or drink^ but something as im¬ 
portant as either,—to wit, oxygen. It is oxygen which is 
the great sweeper of the “economy* Introduced by the 
blood, into which it is absorbed, into all corners of tl^ 
organism, it seizes upon those* organic molecules which ' 
are#disposal)le, lays hold of their elements, and combines 
with them into the new and simpler forms^ carbonic acid, ’ 
water, and urea. 

• The oxidation, or, in other words, the burning of these 
matters, gives rise to an amount of heat whi^h is^as efifi- 
cieiit as a fire to raise the blood to a temperatureftjf about* 
100“; and this hot fluid, incessantly renewed in all 
of the economy by the torrent of the circulation, warms 
the body, as a house is warmed by a hot-water apparatus, 
25* Buf^these alimentary,-distributive or circulatory, ex¬ 
cretory, and combustive processes would be worse than 
useless if they were not kept in strict proportion^ne to 
nnotber* If the slate of physioUgical balance is to be 
maintained, not only must the quantity of aliment taken 
be at least equivalent to fhe quantity of matter Excreted ; 
but that aluueni must be distributed with due rapidity to 
the seat of cadi local w'astc* The cirrailatory systeni^is 
the commissariat of the physiological army* * 

Again, if the body is to be maintained at a tolerably 
even temperature, while that of the air constantly vary¬ 
ing, the condition of the hot-water apparatus must be 
most carefully I'egulatcd, . 

In other words, a combining organ must be added to 
fhe organs already mentioned, and this is found in the 
nervous system, which not only possesses the function al- 
rcady described of enabling us to move our bodies'and to 
know what is going on in fhe external world ; but makes 
us aware of the need of food, enables us to discriminate 
nutritftus fron» innutritious maiters, and to exert the, 
muscular actions needful for seizing, killing, and cookjng; 
guides tlje hard to the moufh, and governs all the move- 
irRiits of the jaws and of the alimentary canal. By it, 
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tKe working of the heart is properly adjusted and the 
calibres of the distributing pipes are regulated, so as in¬ 
directly to govern the excretory and'eombustive processes. 
And these are more directly affected by other actions of 
the nervous system* 

' 26. The various functions which have been thu•briefly 
indicated constitute the greater part of what are called 
the vital actimis of the human body, and, so long as they 
^re performed, the body is said to possess life. The ces* 
sation of the peiformande of these functions is what is 
ordinarily called death. u 

But there arc really several kinds of death, which may, 
in the first place, be distin^^uished from one another under 
the two heads of local and of general death. ' 

^ 27* ^acal-death is going on at every moment, and in 
most, not in all, jiarts of the living body. Individual 
cells of the epidermis and of the epithelium are inces¬ 
santly dying and being cast off, to be replaced by others 
which are, as constantly, coming into separate existence. 
The like is true of blood-corpuscles, and probably of many 
other elements of the tissues. 

Th^ fprm of local death is insensible to ourselves, and 
is essential to the dbe maintenance of life. But, occa¬ 
sionally, local death occurs on a larger scale, as the re¬ 
sult of injury, pr as the conseqfience of disease* A burn, 
for ^K^ple, may sudderily kill more or less of the skin ; 
ot part of the tissues of the skin may die, as in the case 
o^ the slougfi which lies in the midst of a boil; or a 
nhofolhub rfiay die, and exhibit the strange phenomena 
of. mortificatioHy^ 

The local death of some tissues is followed by their 
re...eiicration. Not only all the forms of epidermis and 
epithelium,, but ncn'c, connective tissue, bone, and, at 
any rate, some muscles, may be thus reproduced, even on 
a large scale- Cartilage once destroyed is^aid'not to be 
restored. 

* 2S. General death is of two kinds, death of the body as 

a whaie^ and death of the tissues. By the former term is 
implied the absolute cessation of the iinetions'^of the 
brain, of the circulatory, and of the re^iratoiy organs ; 
by ihe latter, the entire disappearance of the vi(al actions 
of 'the ultimate structural constituents of the bo^y. 
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Wlicn deiith takes place, the body, as a whole, dies first, 
the death of the sornetimes not occurring until 

after a considerable fhterv'ah 

Hence it is that, for some little time after what is ordi- 
n^irily called death, the muscles of an exf^uted criminal 
may lie made to contract by the application of projfer 
stimuli. The muscles are not dead, though the man ia. 

29, The modes in which death is brought about appear 
at lirst sight to be extremely varied, Wc speak of natural 
death by old age, or by some o# the endless forms of dis- 
eiLsg ; of violent death by starvation, or by the innumer- 
able vaiicties of injury, or poison. But, in reality, the 
immediate cause of death is always the stoppage of the 
ftmetiuns of one of three organs ; the cerebro-spfnal ner- 
voLis centre, the lungs, or the heart. Thu% a n^an n\py 
be instantly killed by such an injury to a part of Ae brain* 
which is called the imdulla oblongata (see Lesson XL) 
as may be produci^d by bringing, or breaking the neck. 

Or death may be the immediate result of suffocation 
by strangulation, smothering, or drowning,—or, in other 
w^ords, of stoppage of the respiratoiy functions. 

Or, finally, death ensues once when the heart ceases 
to propel blood* These three jJrgans-the br^Sn, the 
lungs, and the heart—have been ^ncifuHy termed the 
tripod of life. ■ * • 

In ultimate aaialysis, howevef, life has but two kgs to 
stand upon, the lungs and the heart, (pr death through 
the brain is always the effect of the secbifdary actio» of 
rhe injury to that organ upon the lungs or tfet? he«rt. The 
functions of the brain cease, when either respiration or 
circulation is at an end. But If circuJ?ition and respira- 
tiftn are kept up artificially, the brain may be removed 
without causing deatli. On ^he other hand,Jtf the blood 
be not aerated, its circulation by the heart cannot pre¬ 
serve IKe ; and, if the circulation be at an end, mere 
aeration of the blood in the lungs is equally ineffectual 
for the prevention of death. • 

JO. With the cessation of life, the everyday forces of 
the inorganic jvorld no longer remain the servants of the^ 
bodily frame, as they were during life, but,become its 
masters* Oxygen, the sweeper of the living orgahism, 
Income! the lord of the dead body* Atom by atoril, the 

c 2 
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complex*molecules of the tiibsues are taken to pieces and 
reduced to simpler and more oxidized substances, until 
the soft paits are dissipated chiefly in the form of car¬ 
bonic ^mcid, ammonia, water, and soluble salts, and the 
bones and tect^ alone remain* But not even these dense 
and earthy structures are competent to offer a permanent 
resistance to water and air. Sooner or later the animal 
basis which holds together the earthy salts decomposes 
f^nd dissolves—the solid structures become friable, and 
break down into powder. " Final'y, they dissolve and arc 
diffused among the waters of the surface of the globe, 
just as the gaseous products of decomposition are dissi¬ 
pated through its atmosphere. 

It is impossible tg follow, ^^ith any degree of certainty, 
hvandeiAngs imore varied and more extensive than those 
[imaginell by the ancient sages who held the doctrine of 
transmigration \ but the chances are, that sooner or later, 
some, if not all, of the scattered atoms will be gathered 
into new forms of life* 

The. sun^s rays, acting through the vegetable world, 
build up some of the wandering molecules of carbonic 
acid, c^f water, of ammonia, and of salts, into the fabric 
of plants. The plants-rre devoured b> animals, animals 
devour one anotheri^tnan devours both plants atid other 
animals ^ and tenee it is very jSossible that atoms which 
once formed an intcgrarparl of the busy brain of Julius 
C^ar may now ^nter into the composition of Csesar the 
negro in Alabama, and of Cesar the house-dog in an 
English home^ead. 

And thus there is sober truth in the words which .Shake¬ 
speare puts into the mouth of Hamlet— 

^perial Cacviir, dead and eiim«d to cby, 

MAP ^ hol^ to k^tp thiA cold awny: 

(.IH Lliat that Onith, virbkh kept the world iii 

SkouM patch n wall^ C expel the winter's ^jiw 1'^ 
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LESSOR II. 


THE VASCULAR SYSTHM AND THE CIRCULATION, 


K AlmuS'I' all parts of the body arc vas^iat^ thaf is 
to sayj they arc traversed by minute and very dose-set 
canals, which open mto one another so as to constitute a 
small-nieshcd network, and confer upon these parts a 
spongy texture* The canals, or rather tubes, are pro¬ 
vided with distinct but very delicate walls, composed‘of 
a structureless membrane 3 A, a)y in which at inter¬ 
vals small oval bodies (Fig 3 A,/), termed fmiciei (see 
Lesson XIL § 2), are imlfcdded. * 

These tubes arc the cd^/i/ar/cs, 'Khey vary ii\diameter 
from to of an i jeh; they are sometimes 

disposed, in loops, sonictiincs in long, sometimes in wide, 
sometimes in narrow meshes ^ and the (Jiaqieters of th^e 
meshes, or, in other words, the interspaces between the 
capillaries, are soinetimes hardly wider than the diameter 
of a capillary, sometimes many times asi^^ide (see Figs, 16, 
20^33, 33, and 37). These interspaces are occupied by 
the iiubstance of the tissue which the capillaries per¬ 
meate (Fsg, 3 A, so that the ultimate anatomical 
components of every part of the body are, strictly speak¬ 
ing, outside the vessels, or ex/ra-zfRscu/nr, * 

But there are certain parts which, in another and 
broader sense, are also said to be exira^vascular or non- 
vascular. These are the epidermis and epithelium, the 
nails dhd hairs^the substance of the teeth, and the car¬ 
tilages ; which may^ and do attain a very constdemble 
thicknesf or lengtht and yet contain no vessels* How- 
eiftr, as wt have seen that all the tissues arc really extra- 
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^vascular, thecae differ only m degree from the test. The 
circanlatance that all the tissues are outside the vessels 
by no meansj interfeit.ij with then being bithcd by the 
fluid which IS iLside the v^clst In f J-Lt, the wallia of the 



A Diagsrasunitic repnkdit'iitton of a c-^pilliry from above and in 
■ection a, the wall of the rapiUary with the nucki c, nuclei bcLon^mt 
to die connective tiv^ot. in which the C4tpi1]ary supposed to be lying the 
ennal of the capiLlary 

B ntagrammatic t?p1V^scntatl0n of the structure of a ■^mall artecy ft 
epichehum * j^^he so called basetnent menitjriiine c the circular nun stn'^ted 
mifvTtilar fihrei each with nucleus t*. the coat of tibmus Li^biie «ith 
huciei y * 

capillanes are so exceedingly thin that then fluid contents 
*l:eadily exude through the delicate membrane of which 
they are composed, and irrigate the tissues in which they 
^ he, ^ y 

3, Of the capillary tubes thus desenbed, one kind con¬ 
tains, dunng life, the red fluid, while the others are 
fill^ with a pale, watery, or milky fluid, termdli lyrn^h^ 
cx chyUn The capillaries, which contain blood, aic con- 
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tinned on different sides into somewliat lai^er tufies, with • 
thicker walls, which the smallest arlerks and 

The mere fact that the walls of these vessels arc thicker 
than those uf the capillaries constitutes, an imjAirtant 
difference between the capillaries and the small arteries 
and veins ; for the walls of the latter arc thus rendered 
far less permeable to fluids, and that thoroujjh irrigation 
of the tissues, which is effected by the capillaries, cannot 
be performed by them, ^ * 

The most important difference between these vessels 
anil^he capillaries, however, lies in the circumstance that 
their walls arc not only thicker, but also more complex, 
being composed of several coats, one, at least, of which 
is* muscular. The number, arrangement, and even liature 
of these coats differ according to the size oPth^^'esaeTfe, 4 
and are not the same in the veins as in the arteries, tlfbugh 
the smallest veins and arteries tend to resemble each 
other. 

If we take one of the smallest artcriesj we And, first, 
-1 very delicate fining of cells constituting a sort of epi- 
tlielium (Fig. 3 B, a). Outside this (separated from it by 
a structureless membrane, Fig* 3 &) comes *htf mus¬ 
cular coat of the kind cnU^d nonsirtat^d muscle 

(see Lesson XII,), mathj up of flaftened spin^lc-shape 
bands or fibres which are wrapped rofina the vessel 
(Fig. 3 B, c). 

Outeide the muscular coat is a sIie£fth.or fibrous or 

connective tissue (Fig, 3 B,/), 

In the smallest arteries there is but a single layer of 
these muscular fibres encircling the vessel like a series of 
rings ; but in the larger‘arteries there are several layers 
of circular muscular fibres variously bound to^^ether with ' 
fibrous and elastic tissue, though as the vessels get larger 
the quaryity of muscular tissue in them gels relatively 
less. 

Now these plain muscular fibres possess that same* 
power of contraction, or shortening in the long, and 
broadening in the narrow, directions which, a a w.is stated ^ 
in the ^ecedin^Lesson, is the special property of mus¬ 
cular tissue* And when they exercise this power, tl*ey, 
of course, narrow the calibre of the vessel, just* as 
squeezing it in any other way would do; and this con- 
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traction‘may go so far as, in some cases, to reduce tne 
cavity; of the vessel almost to nothing, and to render it 
practically impervious. 

Tht state o{ contraction of these muscles of the small 
attcrics and veins ts regulated, like that of other muscles, 
by their nerves; or, in other words, the nerves supplieti 
to the vessels determine whether the passage through these 
tubes should be wide and free, or narrow and obstructed, 
"flms while the small ar^ries and veins lose the function, 
which the capillaries possess, of directly irrigating the 
tissues by transudation, they gain that of regulatjnt? the 
supply of fluid to the irrigators, or capillaries themselves. 
The contraction, or dilatation, of the arteries which supply 
a set,of capillaries, comes to the same result as lovvciirig 
Of raising Ihk; sluice-gates of a system of irrigation-canals. 

3. Th*fe smaller arteries and veins severally unite into, 
or are branches of, larger arterial or venous trunks, which 
again spring from or unite into still larger ones, and these, 
at length', communicate by a few principal arterial and 
venous trunks with the heart. 


t 


The smallest arteries and veins, as we have seen, are 
similar iit structure, the larger arteries and veins diff r 
widely ; for the larger arteries have walls so thick and 
stout that they do *%ot sink together when empty; and 
this thickness arid stoutness arises from the circumstance 
that not only is the'muscular coat very thick, but that, 
in addition, a^d more especially, several layers of a highly 
elastic, strong, fibrous substance become mixed up with 
the muscular layers. Thus, when a large artery is pulled 
out and let go, it stretches and returns to its primitive 
dimensions almost like a piece of india-rubber. ^ 
The larger j||eins,.on the other hand, contain but little 
of either elastic or muscular tissue. Hence, their walls 
are thin, and they coll^se when empty, ^ 

This is one great difference between thi? larger arteries 
^nd the veins ; the ^ other is the presence of what are 
termed valves in a'great many of the veins, especially in 
those which lie in muscular parts of the body. They are 
* absent in the largest trunks, and in the sntallest brinches, 
ahd^ in all the divisions of the portal, pulmonary, and 
cerebral veins. t 

4. These valves are pouch-like folds of the inner wliH 
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of the vein* The bottom of the pouch is turned towards ' 
those capillaries from which the vein springs* The free 
edge of the pouch is directed the other way, or towards 
the lieart* 'I’he action of these pouches H tti impdde the 
passage of any Hu id from the heart towards the capillaries, 
while they do not iiitcrJbre with fluid passing in the oppo¬ 
site direction (Pig* 4)* The working of some of these 
valves may be very easily demonstrated in the living body* 
Wlicn the arm is bared, blue vgins may be seen runnia^f 
from the hand, under the skin, to the upper arm* The 
dia»ctcr of these veins is pretty even, and diminishes 
regularly towards the hand, so long as the current of the 
blood, which is running m them, from the hand to the 
uj)per arm, is uninterrupted* 

^ 




4 

> ^ ** 

Fic. 4.^DiArn(^MiiATit: Sectiqwb of Veins MnTtt Valvus, 

In the upper, the blooJ h ^apposed to be flo^viiig ^ the direction of the 
arrowj toward a the heart; in the lower* th* reverse way. *C, capillary side j 
H, heart side. 

But if a finger be pressed upon the <Epper part of one 
of ^hese veins, *and then passed downwards along 1% so :is 
to drive the blond which it contains bac^wiffds, sundry 
swellings, like little knots, will suddenly make their ap¬ 
pearance at several points in the length of the vdn, whore 
nothing of the kind was visible befo^-c* These swellinj^s 
arc simply dilatations of the wall of the vein, caused by^i 
the pressure of the blood on that wall, above a valve 
which gpposes its backward progress* I'he moment the 
barkward impiifee ceases the blood flows on again ; the 
valve, swinging back towards the wall of the vein, affords 
no obstaKrle to its progress, and the distension caused 
b)f its pressure disappears (Fig* 4' 
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The only arteries which possess valves are the primary 
trunkii -the aorta and pulmonary artery—which spring 

from the heart, and they will be best 
considered with the latter organ, 

5. Besides the CcJ pillary network and 
the tninks connected with it, which 
constitute the blood-vascular system, 
all parts of tlie body which possess 
bloody capillaries—except the brain 
and spinal cord, the eyeball, the 
gristles, tendons, and perhaps uhe 
bones -also contain another set of 
what arc termed lymphatic capilla¬ 
ries, mixed up With those of the bloorf- 
vascular system, but not directly com- 
iinmicaiing with thotn, and, in addi¬ 
tion, differing from the blood capilla¬ 
ries in being connected with larger 
vessels of only one kind, 'i liac is to 
say, they open only into trunks winch 
carry fluid away from them, there 
btyng no large tessds which bring 
anything toThem, 

These trtyiks further resemble the 
srudL veins in being abundantly pro¬ 
vided wiih valves which freely allow 
of the passage of liquid from the lym¬ 
phatic capillaries, but obstruct the 
F[c, TttR Lvmphi^' flow of anything the other way. But 
' rres OFTHK FRo^T^^ lymphatic trunks differ from the 

. veins, in that they do not rapidly unite 

‘ g^giia, awlarger and larger trunks, which 

«iiiieUm#*caiiej/rhehe present a continually increasing cali- 
not to lit allow of a flow without inter- 

yjui.gattgha, ruptioH to tliC heart, ^ 

« On the contrai7, t^cmaining nearly 

of the same size, they, at intciwals, enter and ramify in 
rounded bodies called lymphatic gtamh^ w'hcncc new 
lymphatic trunks arise (Fig. 5). In tffcse glaiftls the 



^ if ii probable that th^ne are apparent rather llAn real, but 

die quesUon h not yet uLi^foctorily decided, - * 
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Fjrj.6 —Thi5 ThovACjc Drcr, 

I'he Thoracic Dtict occupies the iriiddle of the Agure^ h Ijes upon the 
fpinal coRtiun, at thc.fiides uf which arc icen poftinim of ihe nbs fi). 
a, the rtccpucle the chylei the trunic of the thoracic tliict» dpeitiftfr 
at c into the junction uf the left jugular {/) and subclavian (jr> veiitf as 
they unite into the left innetninate vein, which has been cut across to 
^how thclhonicic duel ninning behind it; rfj lymphatic glands plardU in 
the Jiunbar regions’: K the <uip™f vena civa formed by the junction of 
the fitihf left innominate veins. 
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lymphatic capillaries and passages are closely interlaced 
withilood capillaries. 

Sooner or later, however, the great majority of the 
sin alter lympljatic trunks pour their contents into a tube, 
lyhich is about as large as a crow-quill, lies in front of the 
backbone, and is called the thoracic ciucL 'rhis opCJis at 
the root of the neck into the conjoined trunks of the great 
veins which bring back the blood from the left side of the 
head and the left arm (Fig, 6), The remaining lym¬ 
phatics are connected by a common canal with the corre¬ 
sponding vein on the right side, ^ 

Where the principal trunks of tlie lymphatic sysLem 
open.into the veins, valves are placed, which allow of the 
passage of fluid only from the lymphatic to the vein* 
Thus tge lymphatic vessels are, as it were, a part of the 
venous system, though, by reason, of these valves, llio 
fluid which is contained in the veins cannot get into the 
lymphatics. On the other hand, every facility is afforded 
for the passage into the veins of the fluid contained in the 
lymphatics, Jndecd, in consequence of the numerou s 
valves m the lymphatics, every pressure on, and contrac¬ 
tion c^, tficir walls, fiqt being able to send the fluid back¬ 
ward, must drive it hiorc or ‘less forward, towards the 
veins. 

6 , The lowe» part of fhe thoracic duct is dilated, and 
IS termed the receptacle^ or cistern^ of tiie chyle {a^ Fig. 6). 
In fact, it rec^;ivcs .the lymphatics of the intestines, which, 
thfeugh they differ in no essential respect from other )ym* 
phaticS) are called lacfcals^ because, after a meed con- 
t taining much flinty matter, they are hlied with a milky 
fluid, whi^i is termed the chyle. The ]actuals, or lym¬ 
phatics of 4he small intestine, not only form networks in 
Its walls, but send blind prolongations into the little 
velvety processes termed villi^ with whicTf the mucous 
membrane of that intestine is beset (see Lesson V L). The 
^trunks which open into the network lie in the mesentery 
(or membrane which suspends the small intestine to 
the back wall of the abdomen), and the glands through 
which these trunks lead are hence termed the myenteric 

It will now be desirable to take a general vk'w of the 
arrangement of all these different vessels, and of tlffcir 
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relations to the great central organ of the vasculai' system ^ 
■ --the heart {Fig* 7). ^ 1 

All the veins of every part of the body, except the lungs, 
the heart itself, and certain viscera of the ^bdomeif, join 
together into larger veins, which, sooner or later, opqi 
into one of two great trunks- (Fig, 7, V.C*S. V.C.L) 
ttmied the superiar and the inferior vena cava^ wliich 
debouch into the upper, or broad end of the right half 
of the heart. ^ -) 

All the arteries of every part of the body, except the 
lungft, are more or less remote branches of one greit 
trunk—the aorta (Fig. 7, Ao,\ which springs from the 
lower division of the left half of the heart, jf, 

'The arteries of the lungs are branches of a greiA 
(Fig. 7, P./L) springing from the lower divisioi^W "the 
right side of the heart The veins of the lungs, on the 
contrary, open by four trunks into the upper part of the 
left side of the heart (Fig. 7, P, K)* 

* Thus the venous trunks open into the upper division of 
each half of the heart—those of the body in. general into 
that of the right half; those of the lungs into that of the 
left half: while the arterial trunks spring from the lower 
moieties of each half of the heart-^that for the body in 
general from tha left side, and that for*^he lungs the 
right side. 

Hence it follows that the great'artery of the body, and 
the great veins of the body, are connected ^^ith oppOsiic 
sides of the heart and the great artery of the )un^ aiifl 
the great veins of tlie lungs also with opposite sides, of 
that organ. Qn the other hand, the veins of the body- 
open into the same side of the heart as the art^y of thu^ 
lungs, and the veins of the lungs open into the same side 
of (he‘heart as the artery of the body. 

llic arteries which open into the capillaries of the sub¬ 
stance of the heart are called coronary c^Uries^ and arise, 
like the other arteries, from the aorta, but quite close .to , 
its origin, just beyond the semilunar valves. But the 
coronary^ vein, which is formed by the union of the small 
veins which arisefTrom the capillaries of the heart, does 
not open into either of the ven^ cavae, but pours the 
blood whtah it contains directly into the division'of the 
heart into which these cavee opcn“that is to say, into the . 
right upper division (Fig. 14 o). 
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FJC* 7^BlAGflAU or THE HeAET ANO Vsswris, WI1H THE CoUHlE Of 
THE Ctw:i7LAT10Kf VIBWBO WHOM. ErUlND SO THI^T THB pApBA LEPT 
OP THE ObWEKYWK CDEREsPOHDS WITH THE LEFT SIDE OF THE HbaeT 
Iff THE Diagram, 

Ahitf^ Ittft EuriclE i L-Ym Isft ventricle ; Ao. aorta : Ah artttHA to the upp^r 
pwrt ti the hody: arteries to the [over ^irt af the body; N A hfj^Hc 

dVtery^ which tiipp?ict the It^ with part of it% Mood . veio^ of the upxKr 
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The abdominal viscera referred to above, the veins of# 
which do nut take the usual course, are the stomach, the 
intestines, the spleen, and the pancre^* These veins all 
combine into a single trunk, which is tqrtned tht vma 
port^ (Fig. 7, but this trunk does not open into 

vma cava iuferwr. On the contrary^ having reached the 
liver, it enters the substance of that organ, and breaks up 
into an initncn&L- multitude of capillaries, which ramify 
dirough tho liver, and become ^connected with those in^o 
which the artery of the liver, called the hepatic artery 
fFi^. 7, M branches. From this common capillary 
me □h-work veins ariisc, and unite, at length, into a single 
til ink, the hepatic vein (Fig. 7, H.K), which emerges 
from the liver, and oper\s into the ittferior vena mva. 
The portal vein is the only great vein in thef bo^ whi«h , 
Immches out and becomes continuous with.fche cSpOlaries 
of an organ, hkc an artery. 

8, Tlio heart (Figs. 8 and to), to which all the vessels 
in the body have now been directly or indirecUy traced, 
IS ,111 organ, the si/c of which is usually roughly estimated 
-IS i^qual to th.it of the closed fist of the person to whom 
It belong Cl, and which has a broa^J end turn eik upwards 
and backwards, and ratlfcr to the right sidf, called its 
base : and a poirrted end which is caUcd its turned 
downwards and forwards, and to the left jiide, so as lo lie 
opposite the interval between th*e fifth and sixth riba. 

It is lodged between the lungs, nearer *he/ront thaft th^ 
liack wall of the chest, and is enclosed in^n sort of dotfl^ 
hag-the pericardium (Fig. 9, pi). One-half oi til? 
double bag is closely adherent to ihe hm.ri itself, 
a tliin coat upon its outer surface. /Vt the base of the heaert^ 
thft half of the bag passes on to the great vsssels whidt 
spring from, or open into, that organ ; and becomes 
linuoQs with the other half, which loosely envelopes the 
heart anfi the adherent half of the bag. Between the two 

I ^ 

part of (lie body: vein^ of rh* lower part the: b^yi V,P^ Tsnft^ 

pfiita ^ // F. hepatic vein . FX f* mrerior v#iia F.C*S. lupericir vena 

wa: right aundei P F. right ven ride; r,A. putmonary artcrv j 

l-jsr hing; P F. otWmonAry vein; Let U^eaU; Ly Ij^mphatic^; Tk 
thoracic duct; AL alitnenury canaj: Xr, Uver* The arr&wi indicate the 
"cur^ of the blood, lymph, and diyla. The wc^«c1b which contain anerial 
oldnd have 4arle contours, while those which cany venous hav^ltebt 
u^atouri. ^ V 
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£■10 a— Hr\fcTOF AS SPE^f AFTER RPMriVAI 1 ROM TH^ 

LVIVCi UPON THE T WO I I Nr«^ ThE Pi ElUAEPET. M HAS ^PEI N tUl 
AV^AV, JUt 7 Nf> OTHI-R DlS'lFCTJON MAOF * 

Rm'l Antics rapp«indaiii'« of rij^t auriHe LA our cular \ppciida£« of 
^leftiAuncle R f n^M venttiLle / K left ventricle i fr ^ superior wna 
" (Mv^, I VC infenof yena cava PA pulmonnn trtery A& aorta 
lononinite branch from aort\ divldit^ into subrla^ian and cairotid 
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♦ ^ 

layers of the pericardium, consequently, there ist a com¬ 
pletely closed, narrow cavity, lined by an epitheliunK and 
secreting into its interior a small quantity of clear nuid.^ 
The outer layer of the pericardium is firmly connected 
below with the upper sutfacc of the diaphra*gm. ^ 

But the heart cannot be said to depend altogether upon 
the diaphragm for support, inasmuch as the great vessels 
which issue from or enter it—and for the most part pass 



Fi<;. 9 .'^Transver!;r Suction or ths Chest, with the Heaet ahp 
f^UNGS IN Place. (A little diagrammatic. J 

D. V , dorsal vertebra, or joint of the backtene; Ao. a9. aorta, the top of 
its arch being cut awa^ in t^Iis section ; S.C. siipeiior vena cava; 
P.Am piirmoDary artery^ divided into a branch for each lutigii./'. 

Left and right pulmonary veiuH; Br, Broncht; right and 

left lungs * tE. the gullet or ocfUiphHgu^; >i outer bag of pericardium i 
the two layers of pleura; tr, aayg04 vein, . 


4. lung; Tr* trachea, nnlid cord nf\:en present, the nmnant of a once open 
communication between the pulmonary arteiY and aorta^ e, massM Off fat ate 
the basci of the ventnete hiding from view the greater pArt of the auriclcs.^ 
3»line of fat marking the divihion betwwD the two ventricles, 4, mast of 
fat covering end of trachea. 

* This fluid, like that contained in the peritoneum, plwra, and ether shift 
aactof a similar character to the pcricaidtumi is tometinies called jwvw; 
whence the membranes forming tbe walls of these sacs are frcqqrnljig 
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[less. 


upwards from its base—help tD suspend and keep it in 


place* 

TVius the heart is coated, outside^ by one layer of the 
perit;ardiuin. Inside, it contains two great cavities or 
** divisions,*^ -as they have been termed above, completely 
separated by a fixed partition which extends from the base 
to the apex of the heart; and, consequently, having no 
direct communication with one another. Each of these 
two great e&vities is further subdivided, not longitudinally 



Taw Hrart, Great VitssELS, anu (Krovt View.) 

Jf Y. L.Y Ifft ventricle; K.A. i«ht auricle; L,A. (efi 

awtiAl «wrta: Hmonary a«ery: F.Y. pulmonary wtij: 

hms; L^- left lung; YS, vena, cava ^upetior; A.C. sub' 
" dtevW vetaeb ; C. carotids; Jf.J.K and Y, dfht and kft jugular 

cava inlerlar; 71 trachea; S, bninchi, 

' / ^ Xltthe great yhscIb but thoAe of the lungs an diL 

F 

ikiit^tmiifiveTsely, by a moveable partitiom The cavity 
the transverse partition, on each side, is called the 
the cavity below, the mntrkU ^—right or left as 
t^^'emaybe* 

1 .Each of the four cavities has the s^me capacity, and is 
containing from 4 to 6 cubic incn%s of lyatcr* 
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^ hu II Rif HI Sm* 11 - riif HpvftT rtj v SwFLr 

^ ^ tivity of right aiinje ? f t siiperKir «¥*, /Vc tnftinor 
vetiA uvt a ^tyLc his hi.cn passed through e^ch of tH*M 
pa^d hnm the itimle to ihi. vtnhicle ttimugh th#* a^itMiIo vtMnAkmr 
onfice A #styJe parsed into the toronary vein 
^ t ca^ ty of light ventricle ^ ft, it, two flapi of the tiicu^pid valve the 
third IS dimly vsen behind them the style a pisung between the three 
Between the two 'tnd iitarhcdtothcm by rAflWtf tendinnrf w ven n 
pwpilUiTy muscle, ctit iiway fr its dtUchment to that portion qf tint 
widl of the ventiirlc which h'ls been removed Above^ the ventricle ter 
minaif s bhmewhat hkt a fimnel in the pnihnonary artery P 4 One of the 
porkeis of the bemdun^r iriLve, tt , is seen in its entirely another partiiil|v 
I the nrflJl of the ventncle cut across ^ the position of the aurtctilovF 
vcittritulnr mg the lullnf theauri 1o 4 massesof fat lodged betwfen 
thc^micle and ptiimrn try arter) 
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Th€ >valls of the auricles are much thinner than those 
of the ventricles. The wall of the left ventricle is much 
thicker than that of the right ventricle; but no such 
d^fferfence is perceptible between the two auricles (Figs, 
U and 12, 1 and 3). 

9. In fact, as we shall sec, the ventricles have more 
work to do than the auricles, and the left ventricle more 
to do than the right. Hence the ventricles have more 
muscular substance than ^he auricles, and the left ventricle 
than the right; and it is this excess of muscular substance 
Which gives rise to the excess of thickness observed /n the 
Irft ventricle* 

The muscular fibres of the heart are not smooth, nu¬ 
cleated bands, like those of the,vessels, but are bundles 
cf traS^svefscly-striped fibres, and resemble those of the 
thief muscles of the body, except that they have no sheath, 
or sarcolemma^ such as we shall find to exist in the latter. 

Almost the whole mass of the heart is made up of 
these muscular fibres, which have a very remarkable and 
complex arrangement* There is, however, an internal 
membranems and epithelial lining, called the tndocar^ 
diumj ^ and at the Junctioi> between the auricles and 
ventricles, the apertui^s of communfeation between their 
t^avUies^ called the anricida-ventficular^ apertures^ arc 
^Strei^hened by Jibrom rings. To these rings the movc' 
iibie partitions, or vnlvesy between the auricles and 
Ventricles, the arrangement of which must next be con- 
^idbred} ate attached.. 

: la There are three of these partitions attached to the 
^irir.cuinfefence rf the right auTiculo*ventricular aperture, 
jMd.-twto thi®, of the left (Figs. 11, 12, 13, 14, /t/, m v\ 
is bro^, thin, but very tough and strong tnan- 
of endocardium, attached by ks base, which 
i^irts fellow, to the auriculo-vcMricular fibrous 

; and h^ging with its point downwards into the ven- 
ffavity. On the nght side thene are, therefore, 
'jpf the^ broad, pointed membranes, whence the 
^^ftpparatus is called the tricuspid valve. On the 
th^e are but two, which, whvn detached from 
iptr connexions but the auriculo-ventricular ring, look 
!tbin^ like a bishop’s mitre, and hence bear the name 
5l|e mitral valve. 






bic »—Lfft SiDh o[ thf HrAKi up a (lait) opfn). 

P V ptilinovary vetn** opunin^ miothc kft aurtilcby ah nliawti 

by the styk4 a^. ^yk panned fruni aurick if le tbrough t c 

aunuuLa ventricular onhoe 3 t style m^bLd mtu the ct>r4 ary von, *hich, 
though It has no ccninectiott with the led siuhlIc, is hum it^ positiunf 
nenvsanly cut acruss in thuH Lryinft upen the auru 1e 
d/ V the twa iiaps of the tnitial vjOvc (drawn '■cunt^h^t diagraEntnatically) 
papillary musc^H belonging as before tu the part of the ventricle cut 
awny^ Ci a style pasted from ventnUe lu amta branch of aorta 

Fig 3» -rf fl) PA pulmonary artfii y S' F ( Bupen^ vena c^a 
1 , wail cu ventricle cut actons ^ wall of auricle cutawav dmuncl aunciil^ 
tfn^cvjla* onfioe i, other portions of aumnlar wall ent at roes f 4*mM 
01 fat around baae of ve Uncle (see Fig S, a} 
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The edges and apices of the valveii are not completely 
free and loose. On the contraiy, a numl^er of fincj \3ut 
strong, tendinous cords, called chordie tendinete^ connect 
them with some column-Jike elevations of the fleshy sub¬ 
stance of the walls of the ventriclcj which are termed 
papillary mmdes (Figs, ii and \i.^pp)\ similar column¬ 
like elevations of the walls of the ventricles, but having 
no chorda* Undinm attached to tliem, are called colnmnce 


mrnece. r 

It follows, from this arrangement, that the valves 
oppose no obstacle to tlie passaj^e of fluid frois the 
auricles to the ventricles ; but if airy should be forced 
the other way, it will at once get between the valve and 
the wall of the heart, and drive the valve backwards and 
lipwari^. t*artly because thev soon meet in the middle 
^nd oppose one another's action, and partly because the 
chordcB tendine^ hqld their edges and prevent them from 
going back too far, the valves, thus forced back, give rise 
'to the formatioti of a complete transverse partition be- 
^^^een the ventricle and the auricle, through which no fluid 


in pass. 

the'the aorta opens into the left vcntricrc and where 
^^^j^ejlmonary artery opens ' into the right ventricle, 
case tvalvular apparatus is placed, consisting in each 
three* pouch-like valves^ called the semilunar 
gjpijj^Fig-11, Figs. 13 and J4,Ao. which 


are 


thr tlvose of the veins. But as they are placed 
pj^i^jv^same level and meet in the middle line, they com- 
th6 passage when any fluid is forced along 

vaivtt fry heart. On the other hand, these 

heat^rx'^P back and allow any fluid to pass from^ the 

artery, with the utmost i^adiness. 
(j™^iyactioh of the auriculo-ventricular valves may be 
^^,^^..^nstrated with great ease on a sheep's IlearL in which 
^ tie" aorta and pulmonary artery have been tied and the 
vgreater part of the auricles cut away, by pouring water 
into the ventricles through the auriculo-ventricular aper¬ 
ture* The tricuspid and mitral valves then usually 
become closed by the upward pressuHc of the water 
which ^ts behind them. Or, if the ventricles be nearly 
fillftd, the valves* may be made to come together at once 
iby gently squeezing the ventricles. In like manner, if the 
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base of the aorta^ or pulmonarj' artery, be cut out of the 
heart, so as not to imure the semilunar valves, water^ 
poured into the upper ends of the vessel will cause its 
valves to close tightly, and allow nothing to flow out*after 
the first moment • 

Thus the arrangement of the auriculo-ventricular valves 
is such, that any fluid contained in the chambers of the 
heart can be made to pass thmugh the auriculo-ventricular 
apertures in only one direction :,that is to say, from th^ 



13 —View oe the OrJejce& oe the Hbaht moii below, the whoue 
OF THE Ventricles having been cvt awav. 

^,A.V. nght a«ncul)0-v«uricglar orifice surrounded by the th™ flap^ 
Ap. I. i.v. a, i.r. of tbe tricuspid valve J these are stwrebed by weighto 

attached to the cAtmlb 

L.A.V^ left Auriculo-veotricuJar onfice sumiundeo in 
flapsj !«.»♦ 1* m*v, 3, of ihitral valve; P.A.tM orifice 
the eemtLunur valves having met and ciortd tQgeiner J 
ao^a with ite *811111011*1 valve!i+ Th c a^ded porttoo, 
to P,A„f rcpr ti ent* the funnel teen in Fig. 11* 


Eameway bytbetw 
of pulmonary artety, 
; Aa. the orifice ofdne 
leading from. RA. V p 
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I aundesoto the ventncles On the other hand, the arrange- 
tneiH of the semilunar valvci, is, such that the fluid con¬ 
tents of the ventncles pass easily into the aoita and 
pulmonary aitciy, while none can be made to travel the 
other way from the arterial trunhs to the ventricles 


7*4 



Flis 14 —The ORiFictq op the Hpart fhom apove, the AuaelliiJ^ 

AMD GrpAT Ves^IEI b HUMC CUT AWAY 

A pulmonary BTtf~yj with its sj^mitunar vilir«i , A» aorta, dn 
P A V nght aiinmlo vctitncular tmfice with the three Aaf» {iv i, a, 3) of 
tnciifpid valve , 

L A lefbcuricula ventricular onficc,^ with m v i and 3, fl'ips of mitral 
valve «yle mto coroti'ity vein On the left part o( L A V ^ the 

section of the auttde is earned through the auncuUr au^idagc , hence 
the toothed appearance dtic to thin portions m relief cut a&o|s 


* II Like all other muscular tissues, the substance of the 
hcairt IS contractile t but, unlike most muscles, the heart 
contains ‘with n itself a something which causes its 
I different parts to contract m a de^itl succession and 
( at regular intervals 

If the heait of a living animal be removed from the 
body, it will go'on pulsating for a longer or shorter time, 
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much as it did while in the body. And careful*attention* 
to these pulsations show that they consist of (i) A 
simultaneous contraction of the walls of both auricles, 
(2) Immediately following this^ a simultaneous contrac¬ 
tion of the walls of both ventricles^ (3) Then comas a 
pause, or state of rest; after which the auricles and 
ventricles contract again in the same order as before, and 
their contractions arc followed by the same pause as 
before. • ' • 

If the auricular contraction be represented by the 
verilricular by V'', and the pauses by —, the series* of 
actions will be as follows : A" V" — ; A"' V" " ; A“ V “ 
—; &C. Thus, the contraction of the heart is rhyihmUai^ 
two short contractions of its upper and lower halves 
respectively being followed by a pause of th# whole, 4 
whtch occupies about as much time as the two con¬ 
tractions* 

The state of contraction of the ventricle or auricle is 
called its systoles the state of relaxation, during which it 
undergoes dilatation, its diastole^ 

12« Having now acquired a notion of the arrangement 
of the different pipes and reservoirs^ of the eiroulatory 
system, of the position of the valVes, and of the rhyth-. 
mical contractiops of the heart, it will be easy to com¬ 
prehend what must happen if, when the Whole apparatus 
is full of blood, the first step In the pulsation of the heart 
occurs and the auricles contractn, * * 

By this action each auricle tends to sqijee2e the ^id 
which it contains o^t of itself in two directions—the one 
towards the great veins, the other towards the .ventricles ; 
and the direction which the blood, as a whole, will take, 
wiD depend upon the relative resistance offered to it in 
these two directions. Towards the great veins it is 
resisted jjy the mass of the blood contained in the veins. 
Towards the ventricles, on the contrary, there is no resist¬ 
ance worth mentioning, inasmuch as the valves are openf 
the walls of the ventricles, tn their uncontracted state, 
are flaccid and easily distended, and the entire pressure 
of the arterial Wood is taken off by the semilunar valves, * 
which are necessarily closed. • 

Tberefiire, when the auricles contract, only a very little 
of* the fluid which they contain will flow back into the 
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veins, and the great proportion will pass into and distend 
t^e velitrides. As the ventricles fill and begin to resist 
fiirther^distension, the blood, getting behind the auriculo- 
\^entricular valves, will push them towards one another, 
and almost shut them* The auricles now cease to con ^ 
tract, and immediately that their walls relax, fresh blood 
flows from the great veins and slowly distends them 
again* 

But the moment the aifficular systole is over, the yen- 
tri<;ular systole begins* The walls of each ventpclc 
contract vigorously, and the first effect of that contraction 
is to shut ^e auriculo-ventricular valves completely and 
to stop all egress towards the auricle* The pressure upon 
the values bj(*comes very considerable, and they might 
^cv^n b<^riven upwards, if it were not for the ch^rdcf 
tendine^E which limd down their edges. 

As the contraction continues and the capacities of the 
ventricles become diminished, the points of the wall of 
the heart to which the chords Undins<E are attached ap¬ 
proach the edges of the valves ; and thus there is a ten¬ 
dency to allow of a slackening of these cords, which, if 
ft reailjr tfiok place, mfjght permit the edges of the valves 
to flap back and so destroy their utility. This tendency, 
however, ds countei^cted by the chorda tmdinea being 
connected, not (iirectly to the walls of the heart,'but to 
those musciflaT pillars, the papillary muscles, wlrch stand 
oul;,from its substance. These muscular pillars shorten 
' at the-^tne time as the substance of the heart contracts; 

' and thus, just so far as the contractiowof the walls of the 
, ventricles brings fhe papillary muscles nearer the valves, 
^do they, by their own contraction, pull the chorda Un* 
dinta as ti^t as before* 

By the means which have now been described, the fluid 
in the ventricle is debarred from passing baak *into the 
auricle; the whole force of the contraction of the ventri- 
eular w^ls is therefore expended in overcoming the resist¬ 
ance presented by the semilunar valves* This resistance 
has several sources, being the result, partly, of the weight 
*of the vertical column of blood which the valves support j 
partly^ of the reaction of the distended elastic walls of 
' the great arteries, and partly, of the friction arifl inerjja 
of the blood contained in tne vessels* 
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It now becomes obvious why the ventricles have ^ 
much more to do than the auridesj and why valves are 
needed between the auricles and veixfricles^ whila none 
arc wanted between l;lie auricles and the veins. * 

, All that the auricles have to do is to fill the ventricles, 
t'diich offer no active resistance to that process. Hence 
, the thinness of the walls of the auricles, and hence the 
needless ness of any aupculo-venous valve, the resistance 
on the side of the ventricle l>eifig so insi^iticant that ft 
' gives\vayj at once, before the pressure of the blood in,the 
vcinS 

On the other hand, the ventricles have to overcome a 
great I'esistancc in order to force fluid into elastic tubes 
which are already full; and if there were 40 auricuhi- 
ventriciilar valves, the fluid in the ventricles wouM meet 
with less obstacle in pushing its way baeWard into the 
aurictes and thence into the veins, than in separating the 
semilunar valves. Hence the necessity, firstly, of the 
auriculo-ventricular valves ; and, secondly, of the thick¬ 
ness and strength of the walls of the ventricles* And 
since the aorta, systemic arteries, capillaries, and vein^* 
lorm a much larger system of tuhes,gtontaining more fluid 
and offering more resistance than the oulmonary arteries, 
capillaries, and ^^cins, it fidlows thaf th^ left Tentricle. 
needs a thicker muscular wall than the right* 

13* Thus, at every systole of the auricles, the ventricles 
are filled and the auricles emptied, the latter*being slowly 
refilled by the pressure of the fluid in the great 
which is amply sufficieiit to overcome the passive resist¬ 
ance of the relaxed auricular walls. Andy at every systole 
of the ventficlcs, the arterial systems of the 'body and 
lungs receive the contents of these ventricle?, and the 
nearly emptied ventricles remain ready to be "refilled by 
the auricles* 

We must now consider what happens in the arteries. 
When the contents of the ventricles are suddenly forced 
into these tubes (which, it must be recollected, are already 
full), a shock is given to the entire mass of fluid which 
they contain* This shock is propagated almost instanta^ 
neously throughout the fluid, becoming fainter and faiifter 
in propoitten to the increase of the mass of the bl6od*in 
the tapillaries, until it finally ceases to be disctmibiSf 
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, If the'vessels were tubes of a rigid material, like gas- 
pipes^ the till id which the arteries contain would be trans¬ 
ported forward as far as this impulse was competent to 
carry it, at the same instant as the shock, throughout their 
Wliole extent. And, as the arteries open into the capillaries, 
the capillaries into the veins, and these into the heart, a 
quantity of fluid exactly equal to that driven out of the 
ventricles would be returned to the auricles, almost at the 
same moment that the ventricles contract 
.However, the vessels arc not rigid,but,on the contrary, 
very yielding tubes ; and the great arteries, as we 'have 
seen, have especially clastic walls^ What happens, then, 
when the ventricular systole takes place, is—tirstly, the 
prodagtion^f the general slight and sudden shock already 
menticeied ; and, secondly, the dilatation of the great 
arteries by the pressure of the increased quantity of blood 
forced into them. 

But, when the systole is over, the force stored up in the 
dilated arterial waJls, irt the shape of elastic tension, comes 
into play and exerts a pressure on the fluid—the first effect 
of which is to shut the semilunar valves; the second, to 
drive'a’certain quantity of the fluid from the-larger arte¬ 
ries along the smaller ones. These it dilates in the same 
fashioEW The fluid at length passing into the capillaries, 
the ejection of a corresponding quantity of fluid from 
them mto the yeins, and Anally from the veins into the 
l^partj is the ultimate result of the ventricular systole. 

_ Several of the. practical results of the working of 
the fae^ and arteries jhst, described now become intel¬ 
ligible. For e^&mpie, bettsieto the fifth and sixth ribs, on 
the left side, a certain imovemeiit is perceptible by the 
finger anfi by the eye, which is known as the bmting of 
the heart. It is the result of the striking of the apex of 
the heart against the peHeardium, and thAug^j it, on the 
inner wall of the chest, at this point, at the moment of the 
systole pf the ventricles. When the systole occurs, in 
fact, two things happen : in the first place, as a result of 
the manner in which the muscular fibres of the heart are 
dispos^ its apex bends upwards shalply; and, in the 
sebonqt^luace, its front face is thrown a little downwards 
arid fPl^ards, in consequence of the stretching and elon¬ 
gation of the aorta by the blood which is thrown into 4 t. 
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I , i 

The result of one or otherj or both of hese actions 
combined, is the upward and forward blow of the apex of 
the heart which we feel* 

15. Secondly, if the ear be applied over the heait, cer* 
tain sounds are heard, which recur with great regularity, 
at intervals corresponding with those between every two 
beats. First comes a longish dull sound ; then a short 
sharp sound ; then a pause; then the long, then the sharp 
sound, then another pause ; and so on. There are many 
different opinions as to the caifte of the first sound, arid 
perhaps physiologists are not yet at the bottom of the 
matter ; though the more probable view is, that part erf it 
IS a muscular sound caused by the contraction of the mus¬ 
cular fibres of the ventricle, and part is due to the ten¬ 
sion of the auriculo-ventricular valves ; but*the ^ecoi^ 
^ound Is, without doubt, caused by the sudden iclosure 
nf the semilunar vctlves when the ventricular systole ends. 
That such is the case has been proved experimentally, by 
hooking back the semilunar valves in a living animal, 
when the second sound ceases at once. 

16, Thirdly, if the finger be placed upon an artery, 

such as that at the wrist, what is termed the puhe will be 
felt; that 15 to say, the elastic artci;^ dilates somWIfiat, at 
regular intervals, which an&\\cr to the beatings 0/ the 
heart. The pidse which is felt by the finger, 4 iowever, 
does not coirespond precisely with the beat of the heart, 
but takes place a little after it, and the iptervai is lo^er 
the greater the distance of the artery from tHe heart. 
beat in the artery on the inner side of the anld^ibr ex¬ 
ample, is a little later boat.of the artery in the 

temple. 

'Fhe reason of this is maf sense of touch by finger 
is only delicate enough to distinguish the dilatStion of &e 
artery by the wave of blood, which is driven along it by 
the elastic reaction of the aorta,' and is not competent to 
perceive the first shock caused by the systole. But if, 
instead of the fingers, sufficiently delicate levers were 
made to rest upon any two arteries, it would be found 
that the pulse rq^lly begins at the same time in both, the 
shock of the systole making itself felt all over the ^asdular 
system at once; and that k is only the actual d^tatiot' 
of ^he arfcrial walls, which, travelling in the fiSfei' dlT a 
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wave from the larger to the s^tntllel arteticsj Ukc^ longer 
to reach and distend the moie distant branch 

17 Fourthly, when an artery ib cut^ the outflow of the 
fluid yhich It contains is increased bythe intervals 
of which correspond with the intervals of the bc Ub of the 
heart The cause of this is plainly the same as that of 
the pulse , the force which would be employed m dis 
tending the walls of the arLciy, weie the Utter ctiUic;is 
spent in jerking the fluid out when the aitcry is cut 

18 Fifthly, under ord«iiiy circumstinccs, the pulse is 
no Longer to be detected in the capillaries, or m the veins 

VI his arises from several circumstances One of them is 
Ithat the capacity of the branches of an artery is greatet 
khan the capacity of its trunk, and the capacity of the 
fcapillaftes, gs a whole, is greater than that of all the small 
artenevput together Hence, supposing the cipicity of 
the trunk to be 10, that of its branches 50, and that of 
the capillaries into which these open loo, it is cleir that 
a quantity of fluid thrown into the tmnk, siiffictent to 
dilate It by one-tenth, and to produce a veiy considerable 
and obvious could not distend each branch by mote 
than ^th, and each capillaiy by volume, an 

effect^which might be quite im^tceptible 

19. But this IS not all Dia the pulse meicly become 
indistinguishable on account of its division and dispersion 
among so many capillanes, it ought to be felt again when 
the blood 1$ once more gathered up into a few Urge venous 
tt^nks. But It IS not fh^olsc is dehnitely lost at the 
capillanes. There is, undq^ordinary circumstances, no 
puise whatever m the veins, eiccept sometimes a backward 
pufae from the heart along tjK great venous trunks , but 
this IS quite another matter. 

tins acCaal loss, or rather tttmsfonnatmn of the pulse, 
U eflTected by meann of the elasticity of arterial walls, 
the following manner 

In the first place it must be borne m mind that, owing 
*to the minute sice of the capillaries and small arteries^ the 
amount of fnebon taking place m their channels when, the 
blood IS passing through them ts very great, m other 
words, tliey offei a vety great resistance to the passage 
of the b1o(m. 

consequence of thi^is, that the blood tan not get 
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through the capillariea, in spfte of the fact that their toAl 
area is so much greater than that of the aortaj into the 
veins so fast as it is tlirown into the arteries by the‘heart. 
The whole arterial system, therefore, becomes over dis¬ 
tended with blood. * 

Now we know by experiment that under such conditions 
as these, an elastic tube has the power, if long enough 
and elastic enough, to change a jerked impulse int» a 
continuous How. If a syringe (or one of the elastic 
bottles now so frequentlyrin uao) be fastened to one end 
of a long glass tube, and water be pumped through the 
tubt^ it will flow from the far end in jerks, corresponding 
to the jerks of the syringe. This will be the case whether 
the t\ihp be quite open at the far end, or drawn out to a 
fine point so as to offer great resistance to the outflow of 
the water. The glass tube is a rigid tube, and th^ is no 
elasticity to be b^rought into play. If now a long india- 
rubber tube be substituted for the glass tube, it will be 
found to act differently, according as the opening at, the 
far end is wide or narrow. 

If it is wide, the watflS: flows out in jerks, nearly as dis¬ 
tinct as those Trdm the gliss tube. There is little resistance 
to the flow, little distension of the iadia-rubber tabo^ little, 
elasticity brought into play. 

If, however, tihe opening be narra\w!d,,as by fastening 
to it a stopcock or a glass tube drawn to a point, or if a 
piece of sponge be thrust into the end of the tube; if, in 
fact, in any way resistanceJi|§(^offered to the outflow of the 
water, the tube becomes ^i^tBOded, its elasticity is brou^t 
into play, and the watqf ISws out from the end, not in 
jerks but in a stream, more andmore completely 

cominuous^ the longer an^M^re elastic the tube. 

Substitute for the the heart, for the stopcock 

or sponge the (^piUaries and sti^l arteries, for the India-. 
rubber tube the whole arteriaS^ system, and you have 
exactly tne same r<^ult iij^ the living body. Through the 
action of the elastic artepal walls the- separate jets 
from the heart are blended into one'continuous stream. 
The whole force of each blow of the heart is not at once 


spent in driving^, quantity of blood out of the capillarijes ; 
a part only^ is thus sp^t, the rest goes to dis|;end«the 
clastic arteries. But during the interval between that 


i 



$8 KLEME^TARY PHYSIOLOGY. [I.ESS, 

and the next the distended-arteries are narrowing again^ 
by virtue of their elasticity, and so are pressing the blood 
on into the capillaries with as muqji force as they were 
themsfives distended by the heart* Then conies another 
beat, and the same process is repeated. At each stroke 
the elastic arteries shelter the capillaries from part of the 
sudden blow, and then quietly and steadily pass on that 
part of the blow to the capillaries during the interval 
between th^ strokes. 

tThe larger the amount of clastic arterial wall thus 
brpught into play, u e, the greater the distance from the 
heart, the greater is the fraction of each heart's sfroke 
which is thus converted into a steady elastic pressure 
between the beats. Thus the pulse becomes less and 
less m^rket^ the farj^er you go from the heart; any given 
length pf the aftetj^l system, so to speak, being sheltered 
by the lengths between it and the heart. 

Every inch of the arterial system may, in fact, be con¬ 
sidered as converting a small fraction of the heart's jerk 
into a steady pi;essure* and when all these fractions arc 
summed up t^etber#Tk the total len^h of the arterial 
system no trace of the jerk 154^* 

As'*th6 effect of each syst<3e^ becomes diminished in 
the smaller vessels by the causes above mentioned, that 
of this ^constant pressure becomes more obvious, and 
gives rise to a steady passage of the fluid from the ar¬ 
teries towards the veins. In this way, in fact, the arteries 
p^fqrm the sanfe functions as the air-reservoir of a fire- 
which converts the-jerking impulse given by the 
pumps into the steady flow the delivery hose, 
sa Such is tlth general result of the mechanical condi- 
fiomp of the organs of the circulation combined witl^thc 
rbythmicat' activity of (he heart. This activity drives the 
fluid cbntained in these oigans out of the^^eart into the 
arteries, thence to the capillaries; and from theqi through 
the Y^ins back-to the heart* And in the cou^e of these 
operations it gives rise, incidentally, to the beating of the 
h6art, the sounds of the heart, and the pulse, 

It hflB been founds by experiment, that in the horse it 
takes about half, a miiiute for any sub^nce, as for in- 
staffice a chemlc^ body, whose presence in the blood can 
i^Iy^be recognise, to comnlete the circuiti to Dkss 
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from the jugular vein down through the right side of the 
h^art, the lungs, the left side of the hearty up through the 
arteries of the head aAd neck, and so back to the Ji^gular 
vein. 

By far the greater portion of this half minute is taken 
up by the passage through the capillaries, where the 
blood moves, it is estimated, at the rate only of about one 
and a half inches in a minute^ whereas through the carotid 
artery of a dog it flies along at the rate of about ten 
inches in a second. 

Of (Course to complete the circuit of the circulation, 'a 
blood-corpuscle need not have to go through so much 
as half of an inch of capillaries in either the lungs or any 
of the tissues of the body. 

Inasmuch the force which drives bibod^^on ii 
(putting the other comparatively sH^t helps ^on one 
side) the beat of the heart and that alone," however much 
it may be modified, as we have scenj m character it is 
obvious that the velocity with which the blood moves 
must be greatest' in the aorta and towards the 

capUlaries. 

For with each branching^6f the arteries the total>area 
of the arterial system is increased, the total width of the 
capillary tubes in they were all put together sidc^by side 
being very much greater than that of the^aorta. Hence 
the blood, br a corpuscle, for instance, of the blood being 
driven by the same force, viz. the hearths' beat, over tl^ 
whole body, must pass much more rapidly through tue 
, aorta than, through the capillary system or any part of 
that system, ^ 

It 15 not that the greater friction in any capillary 
causfis the'blood to flow more slowly there and there 
only. The resistance caused by the friction in the 
capillaries is thrown ^back upon the aorta, which 
indeed fcftls the rcsi^nce of the whole vascular 
system; and it is this total resistance which has to 
be overcome by the heart "before the blood can move 
on at all, ' 

The blood drivtn everywhere by the same force simply 
moves more and more slowly as it passes into wider and 
wider chanpels. When it is in the capillaries it is slowest; 
aftei^escaping from the capill^Aies, as the veins unite itiLo 
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larger .and larger trunks, and hence as the total i^cnous 
area is getting less and less, the blood moves again faster 
and faster for just the same reasoti that in the aherics it 
moved slower and slower. 

A very similar case is that of a river widening out in a 
plain into a lake and then contracting into a narrow stream 
again. The water is driven by one force throughout (that 
of gravity). ,The current is much slower in the lake than 
in the narrower river either before or behind. 

21 . It is now nccessWy to trace the exact course of 
IjUie circulation as a whole. And we may conveniently 
fcommence with the portion of the blood contained at any 
Fmoment in the right auricle. ?The contraction of the right 
auricle drives^at flui^ into the right ventricle ; the ven- 
irideif thea contracts and forces it into the pulmonary 
artery>, from hence it passes into the capillaries of the 
^ungs. X-eaving thi^ it returns by the four pulmonary 
[Veins to the left aunctb ; and the contraction of the left 
Jauricle drives it into the left ventricle. 

The systole^^of tne left ventricle forces the blood into 
the aorta, life branches of the aorta convey it into 
all pai;ts of the body except the lungs; and from the 
capillaries of all tliese parts^ except from those of the 
intestines and eprtain other .#4scera in the abdomen, 
it is dbnvcyed, by vessels which gradually unite into 
larger and larger trunks^ into either the superior or 
the inferior which carry it to the right auricle 


cnce more* r. 

But the blood brought to the capillaries of the stomach 
'and intestines, gpleen and pancreas, is gathered into veins 
which unite into a single trunk—the v^na porta. The 
vena poijae distributes its blood to the liver, miriigling 
with that supplied to the capillaries of the same organ by 
the hepatic artery* From these capillaridS^it is conveyed 
by small veins, which unite into a lar^e frunk—the 
hepatic vein, which opens into the infen or vena cava. 
The flow of the blood from the abdominal viscera, 
through the liver, to the hepatic vein, is called the portal 
circuTatian. * 


JTic heart itself is supplied with blood by the two 
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the capillaries of the heart is carried back by the coronary 
vein, not to either vena cava, but to the right auricle. The 
opening of the coronary vein is protected by a valve, so 
as to prevent the right auricle from driving the vpnous 
blood which contains back into the vessels of the 
heart. * 

22, Thus, the sharUsl possibh course which any particle 
of the blood can take in order to pass from one side of 
the heart .to the other, is to leave the aorta by one of the 
coronary arteries, and return tD*fhe right auricle by the- 
coromry vein* And in order to pass through the ^rcnicfi 
possible number ajcdpiUaties and r^^turn to the point from 
which it started, a particle pf blood must leave the heart 
by the aorta and traverse the arteries w^ch supply the 
alimentary canal, spleen, and paficreas, (Jieir ^nters,, 
istly, the capillaries of these organs ; 2j^ly,the capillaries 
of the liver; and, 3rdly, after passing th|:ough the ri^ht 
side of the heart, the capillaries hmgs, from* which 

ft returns to the left side and eventually to the aorta. 

Furthermore, from what has beeflKsaijJ respecting the 
lymphatic system, it follows that any pa^cle of matter 
which enters a lacteal of t^c intestine, will reach the right 
auricle by the superior cava, afte^'mssing thrdu^ the 
lymph capillaries andjichannels of sundry lymphatic 
glandswhile anything which enters (he adjacent blood 
capillary in the wall of the intestine will reach the right 
auricle by the inferior cava, after passing through the 
blood capillaries of the liver. , ' • 

33. It has been shown ab^e (§ 2) that the small 
arteries may be directly affected by the nervous system, 
which controls the state of contraction df their muscti^r 
waUs, and so regulates their calibre* The effect of this 
power of the nervous system is to give it'a certain 
*controVover the circulation in particular spots, and to 
produce luch a state of affairs that, although the force of 
the heart and the general condition of the vessels remain 
the sanie, the state of the circulatton may be very dif* 
ferent in different localities. 

Bimkins is j purely local modification the circu¬ 
lation of this kind, and it will be instructive to consider 
how a blush is brought about. An emotion—stiimtilhes 
pl^suraMe, sometimes painful—takes posses si of 

E 2 
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mind : thereupon hot flush is fclu the skin grov^b red, 
and according to the intensity of the emotion these 
changes are confined to the chceksionly^ or extend to the 
‘‘ roots of the hair,*' or all (jver,** 

What is the cause of these changes ? The blood is a 
rtd and a hot fluid ; the skin reddens and grows hot, 
because its vessels contain an increased quantity of this 
red and hot fluid; and its vessels contain mote, because 
the small arteries suddenly dilate^ the natural moderate 
<5omraction of tbcir muaitles being superseded by a state 
of relaxation. In other words, the action of the qprvcs 
which cause this muscular^untraction is suspended. 

On the other hand, in nt^ny people, extreme terror 
causes the skin to grow'coid, and the face to appear pale 
and mneh^d. Under mese circumstances, in fact, the 
' ^uppiytof blood to the skin is yearly diminished, in con¬ 
sequence pf an excessive stimidation of the neives of the 
smalt artenes, whkb them to contract and so to 

cut off the suppl^ilf blood more or less completely, 

2^k That this is the real state of the case may be proved 
ex^rimentally upon rabbits. These animals may be rnade 
to blush artiflcially. If, in a rabbit, the sympathetic nerve 
whicR sbnds braiich<^^ to the vessels of the head is cut, 
the of the rabbit, which is covered by so delicate an 
intpgument that the chftngcs in its vc'^sds can be readily 
perceived, at once blushes. That is to say, the vessels 
aibte, fllL with Iflood, and the ear I>ecomes red and hot* 
reason df tnis is, that when the sympathetic is cut, 
the nervous stimulus which is ordinarily sent along its 
biianches ts Interrupted, and the muscles of the small 

' vested which were slightly contracted, become altogetlicr 

* 

And'noft' it IS quite possibly to produce pallor and cold 
in the rabbit’s ear* To do this it is onlyttnecessary to^ 
irritate the cut end of the sympathetic whid* remains 
connected with'the vessels The nerve then becomes 
excited, so that the muscular fibres of the vessels arc 
thrown into a violent 'state of contraction, which di¬ 
minishes their calibre so much that the ^lood can hardly 
mate its way through thcni» Consequently^ the ear 
betteneef pale and cold. 

^5* The pmctical importance of this lucdfl control 
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exertcfl by the nervous system is immense. When ex¬ 
posure to cold gives ^ man catarrh, or intiammation of 
the lungs, or diarrhcca, or some still more serious affection 
of the abdominal viscera, the disease is brought atout 
through the nervous system. The impression made by 
the cold on the skin is conveyed to the nervous centres, 
and scT intliicnces the i/aso-motor nerves (as the nerves 
which govern the walls of the vessels are called) of the 
organ affected as to cause their partial paralysis, and ‘pro¬ 
duce that state of congestion (or undue distension of tffe 
vessels) which so commonly ends in inflammation* (See 
Lesson XI* ^15-,) ^ 

26, is tlie heart, in like manrier, under the control of 
the central nervous system ? * • • 

As we all know, it is not >mder the direct influence of 
the will, but everyone is nt> less familiar with the fact 
that the actions of the heart are' wondchilly affected by 
all forms of emotion* Men and worn^ often faint, ani 
have sometimes beep killed by sudden and violent joy or 
sorrow ; and when they faint or die in thfs way, th^y do 
so because, the perturtetidh of the brain gives rise to ^ 
something which arrests the heart ^ dead as yoh Aop a 
stop-watch with a spring^; On the other hand, oth^ ffinbt- 
tions cause that*extreme rapidity and* violence of a^pn 
which we call palpitation, 

Now there are three sets of nerves in the heart! one^ 
set are suppliei by or masses of rfcrve-celfe, ifi 

its substance; another set come from the sympnihelic 
nerve ^ a third set are branches of a remarkable 
which proceeds straight from the brain, tnd is called^ 
pficumogastrU nerve* There is every reason tp btlie^ 
that the rcgxilar rhythmical succession of the ordinary 
contractions of the heart depends upon thd ganglia lodged 
in its substance* At any rate, it is certain that these 
movements depend neither on the sjTnpathetic, nor on 
the pneumogastric, since they go on as well when the 
heart is removed from the body. 

In the next place, there" is mpeh reason to believe that 
the influence whfeh increases the rapidity of the bcartis 
action is exerted through the sympathetic* • ^ ^ 

Andda^ly, it is quite certain that th cinfluence which 
arreslh the hearths action is supplied by the pneumo- 
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gastric. This may be demonstrated m animaJs, such as 
frogs, with great ease. ' 

27, If a frog be pithed, or its brain debtroyed, so as to 
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obliterate all sensibility, the animal will continue to live, 
and its circulation will go oa perfectly well for an inde* 
finite period. The “body may be laid open without 
causing pam or other disturbance, and then the Keart 
will be observed beating with great regularity. It i£ 
possible to maki^ the heart move a long index backwards 
and forwards ; and if frog and index arc covered with a 
glass shade, the air under which is kept moist, the index 
will vibrate with great stcadlness^or a couple of dayii. * 

It is easy to adjust to the frog thus prepared a contrk 
vanc^ by which electrical shocks may be sent through 
the pneumogastric nerves, so as to irritate them, liie 
moment this is done the index stqps dead, and the heart 
will be found quiescent, with relaxed and distendeddvalls.^ 
After a little time the influence of the pndlima^astnc 
passes off, the heart recommences its work as vigorously 
as before, and the indi% vibrates through the same arc as 
formerly. With careful management, this experimei^t 
may be repeated very' many times ; and after every arrest 
by the irritation of the pneumogastric, the heart resumes 
its work* 

28.«iThe evidence that the blood circulates in mam, ah 
though perfectly conclusive, is almt^st all indirect The 
most important pbints in the evidence aie as follows :—^ 

In the first place, the disposition and structure of the 
organs of circulation, and more especially the arrange¬ 
ment of the various valves, will not, as wae shown bjf 
Harvey, permit the blood to flow in any other direction 
than in the one described above. Moreover, we can 
easily with a syringe inject a fluid from tile vena cava, for 
instance, through the right side of the heart, the lungs, 
the lm side of the heart, the arteries, and capillanes, mck 
to the vena cava; but not the other way. In the 
second pl£y:e, we know that in the living body the blood is 
continually flowing in the arteries towards the capillaries, 
because when an artery is tied, in a living body, it swells 
up and pulsates on the aide of the ligature nearest the 
heart, whereas on the other side it becomes empty, and 
the tissues supplied by the artery become pale from thf 
want of a supply of blc^ to their capillaries* *And when 
we cut an artery the blood is pumped out in jerks frolh 
the cut end nearest the heart, whereas Htt’e or no blood 



56 ILLl&LNrA^Y PHY^IOLOGy [ll-,s 



• S IT i6 —Very Mn»H portion of Fig 15 very highly in'tgiitfied 
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comes from the other end. When, however, tvc tie a vein 
the state of things is reversed, the swelling taking place 
on the side farthest from the heart, showing that 

in the veins the blood flows from the capillaries «to the 
heart. 

But certain of the lower animals, the whole, or parts, 
of the body of which are transparent, readily afford direct 
proof of the circulation, the blood visibly rushing from the 
arteries into the capillaries, and from the capillaries into 
the veins, so long as the anim&t is alive and its heart is 
at vfprk. The animal in which the circulation can be 
most conveniently observed is the frog. The web between 
its toes is very transparent, and the particles suspended 
in its blood are so Jarge that they can be readily seen as 
they slip swiftly along with the stream of blo^d, wJien the, 
toes are fastened out, and the intervening web is e?&mined 
under even a low magnifying power (Figs. IJ and i6). - 


and lower part of llie field ; In the od|er parts of field^ the fbcuHof the 
micmBCOpe lies below the epidennhMgsh nuclei of th»e epidermic celb; £. 
pigment cellH contractedi not expanded ba in 15: red 

&jD^-coTpii£cle (oval m the fro^. passui^ alon^ capillary—nucleus not 
vi^blp; Gm another eoppiivie sqitecriiig iPt way chroiig’h a capj^k^t die 
caoEU of which ii cmsllv than ita nwn tmnilverse diameter ^//;^ap{>thcr 
bending a« it ilides round a comer ; R. cotpiCscle in capillary seen thrmigh 
the cpiSeniiis; /. iidiite blood-corpuscle. 
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THiL BLOOD AND TUB. LYMPH. 


* 1. 1^ onter to become properly acquamted with the 
characters of the blood it is necessary to examine it with 
a microscope magnifying at least three or four hundred 
diameters. Provided with this instrument^ a hand lens, 
and some slips of thick and thin glass, the student will be 
enabled to follow the pre^t Lesson. 

The mostconveniengftnode of obtaining small quantities 
of blqpdtfor examination is to twist a piece of string, 
pretty tightly, round the middle of the last joint of tlie 
middle, ring finger, of the left hand. The end of the 
finger will immediately swell a little, and become darker 
coloured, in consequence of the obstruction to the return 
of the blood i/i the caused by the ligatuiiei When 
in*this condition, ifTfbe slightly pricked with a sharp 
clean needle (an^operatfclfi^which causes hardly any p^n), 
a good-sized drop of blood will at once cxude^ Let it be 
deposited on one of the slips of thick glassf and covored 
lignt[y.*and gently'with a piece of the 3 iin ^ss, so as to 
spread it out evenly into a thin layer. Let Second slide 

, and, to keep it from dryingjet it be 
watch-glass or wine-glass, with a 
it of wet blottii^paper inside. Let a third drop be 
dealt wiA in the same way, a few granules of common 
s^t being.firs&added to the drop- 
- naked eye the layer of blooJ upon the first 

appear of a pale reddish colour, and quite clear 
stqcbbWiQgeneous. But on it with even ^ pocket 

lefl|jfci"^pparent homogeneity will di^ppcar, and it Vill 


E 
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look like a mixture of excessively fine yello\vi5h^l^ed par- 
ticks, like saiid, ar dust, wiili a watery, almost cotourtess, 
fluid. Immediately aAer the blood ts drawn, the particles 
will appear to be scattered vefiy evenly through th&^fluid, 
but by degrees they aggregate into minute patclus, and 
the layer of blood becomes more or less spotty. * 

'I'hc “ particles are what are termed the £wpHuh*s 
of the blood; the nearly colourless fluid in which tiiey 
are suspended is the plasma. , 

The second slide may now be examined. The drop of 
blood will be unaltered in form, and may perhaps seem "to 
have undergone no change. But if the slide be inclined, 
it will be found that the drop no longer flows; and; indeed, 
the slide may be inverted without the disturbance of the 
drop, which lias become solidified, and may»be n^noved, 
with the point of a penknife, as a gelatinous mass* The 
mass is quite soft and moist, so that this setting, or coagu¬ 
lation^ of a drop of blood is something very diflerent from 
its drying. 

Oh the third slide, thii^pjacess of coagidalion will be 
found not to have takea blood remaining as 

fluid as it was when it Ml the body. The salMh^rcfore,' 
has prevented*the coagulation of the blood Thus this 
very simple investigation teaches that blood is (;oinposed 
Oi a nearly colourless plasma, in which many coloured 
corpuscles are suspended j that it has a remarkable power 
of coagulating ; and that this cpagulaficm may be pre¬ 
vented by artificial means, such as the addition of sah. 

^ 3*, If, instead of using the hmd lens, dm drop of blood 
on the first slide be placed under the nvcroscope, the par- 
tieilcs, or corpuscles, of the blood will be found to be 
bodies with very definite ch^iracters, and of-twif kinds, 
called respectively the red corpuscles and the. colourless 
corpuscles, llic former are much more numerous than* 
the latter,'and have a yellowish-ret^tinge ; while the 
latter, somewhat larger than the red ^corpuscles, are, as 
their name implies; pale and devoid of coloratkui* 

4. Tlie corpj^soles differ also in other and more important 
respects* The red corpuscles (Fig* 17) are flatten^ cirdklai 
disks, on an average ^^th of an inch in diaJb^^^and 
hfvin^about one-fou^h^ that thickness. Itfo^ws tliaL- 
rather more than to,000,000 of them will lie l^acc 
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one inqh square, ^nd that the volume of each corpuscle 
does not exceed ^ cubic inch* 

The broad faces of the dislts are not flat, but somewhat 
concave, as if they were pushed in towards one another* 
Hence the corpuscle is thinner in the middle than at the 


z> 



Fw;, and Whftk LoKFrscii'.'^ ov tJii- lUyuji MAONTruc*. 

r^' A -P 

Modb-iate^ ni2(niA«4- Ths red ct^rpuM:le!i are seen lying in rouleaux ; 

H ^ tkt 4 4 Are iieen two white corpusclei^t. 

Red corpuscles more highTy magnified, ■ieenpin face i C* ditto^ seeii' 
i""' in ptoAIo ; I}^ ditip, in rouleaux, rather more highly magnifiedf a rcfl 

corpuscle swollen into a sphere by imbibition of water. * 

^ K A white fiorpUBcle magnified Mme ab B.t C, ditto, throwing <nit some 
blunl^proceisca ; IG ditto, treated with acetic acid, and nhowmg uucieu^ 
magntned unte an /)* 

N. Ked corpt^ei ptteketed or crenate nit over* 

/* pkto, at me edgv! only. ^ 

W T 

ed^ 3 ^ 9 Jld wfesn viewed under the microscope, by trans- 

looks clear in the middle and darker at 

the e%tis, or dark in the, iniddle and clear at the 

^ * 
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according to circumstuiiccs. When, on thte cither 
hand, the disks rolt over and present their edges to the 
eye, they look like rods. All these varieties of appear¬ 
ance may be made inieiligiWe by turning a round biscuit 
or muffin, bodies sirnilar in shape to the red corpuscles'^ 
in various ways before the eye. 

The red corpuscles are very soft, 'flexiblej and elastic 
bodies, so that th^y readily squeeze through apertures 
and passages narrower than their#own diameters, and 
mediately resume their proper shapes (Fig. i6, The 

exteritr of each corpuscle is denser than its interijgn^ 
which contains a semi-fluid, or quite fluid matter, of a t6d 
colour, called hmmo^lobin. By proper processes this may 
be resolved into an albuminous substance sometimes 
globulin^ and a peculiar colouring matter, whJch is** 
called hiematin. The interior substance presents no 
distinct stnicturcp 

From the density of the outer as ^<;omparcd w^th the 
inner substance of each corpuscle, they are, practically, 
sinaU flattened bags, or sacs, the form of which may be 
dianged by altering the density of the plasma. Thus, if 
it be made denser by dissolving saline substanfosf or 
sugar, in it, water is drawn from the Contents of the cor¬ 
puscle to the denfc plasm'\, and the corpuscle bepomes 
biill more flattened and very often much wrinkled. On 
the other hand, if the plasma be diluted with water, the 
latter forces itself into and dilutes the eftntents of thc^ 
corpuscle, causing the latter to swell out, and even be¬ 
come spherical; and, by adding dense and wf&k solutions 
alternately, the corpuscles may be made become suc¬ 
cessively spheroidal and discoidak Exposure to carbonic 
acid ^s seems to cause the corpuscles to sw^tl <5ut; 
Oxygen gas, on the contrary, appears to flatten them. , 

^ S* The colourless-corpuscles (Fig. 17, a F. G. 
larger than tile red corpuscles, their average diameter being 
^^Wth of an inch. They are furthef seen, at a glance, 
to differ from the red corpuscles by the extreme irregularity ' 
of their form, and by their tendency to attach theiqsdvc^, 
to the glass slide, while the red corpuscles float about ^nd' 
tumble freely over one another. . 

A still mfre remarkable feature of the colout^Ss* 
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corpusoies than the irregularity of.their form is the 
unceasing variation of shape which they exhibit. The 
forn\ of a red corpuscle is changed only by influences 
from without, such as pressure, or the like \ that of the 
colourless corpuscle is undergoing constant alteration, Ah 
the result of changes taking place in its own substance. 
To see these changes well, a microscope with a magni* 
fying power of five or six hundred diameters is requisite ; 
"and, even then^ they are so gradual that the best way 
to ascertain their existence is to make a drawing of a 
. given colourless corpuscle at intervals of a itiinjte or 
This is what has been done with the corpuscle 
represented in Fig, i8, in which a represents the form of 
the corpuscle when first observed ; 6^ its form a minute 
* afterfrardS ; c, that at the enti of the second ; rf, that at 
the end of the third i and that at the end of the fifth 
minute. 



' f to." iSt—S uCCKSlSIvS FohUIS »V CoLOlfHLffSS 

HVMAN B 1^000. about 6 do distimecers ) 

The^ interval bamMik the inmn vrat a minute ^ betweeTi and f t^o 

minuter ; sq> tl^4'ihe whole senes. ^changesi Trom dto r took five nrinutes. 

Careful watching of a colourless corpuscle, in fact, 
s^ows that part of its surface is constantly change 
itW'^MindeTgoing active contraction, or being passively 
^ dil^d -by the contraction of other parts. It dkhibits 
' conirdcHHtyAVi its lowest and most primitiire form. 

While they are thus living and activ^ no correct 
nofipn can be formed of the structure of tne colourless 
^:doi^iiftcle& By diluting the blood with water, or, still 
.be^r, with water acidulatet^with acetic acid, the cor* 
^ptisdes are killed, and become distended, so that their 
^ real nature is shown. They are than £een to be sphe- 
noidal bags, or sacs, with verv thin walls t and to contain 
their interior a fluid which is either cleajr or granular, 
together with a spheroidal vesicular body, which iScCalJed 
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the nucleus 17, A'), It sometimes^ thoijgh very 

larely, happens that the nucleus has a red lint 

rhe sac-like colouTless corpuscle, with its nucleus, is 
what is called a nucUatid cell It will be observed that 
it lives in a free state in the plasma of the blood, aijd 
that it exhibits an independent contractility, in fact, 
except that it ts dependent for the conditions of its exist¬ 
ence upon the plasma, it might be compared to one of 
those simple organisms which ye met with in stagnant 
water, and are called Amcebce, 

7. ^hat the red corpuscles are in some way or other 
derived from the colourless corpuscles may be regarded 
as certain : but the steps of the process have not been 
made out with perfect certainty* There Is very great 
reason, however, for believing that the red eorptiscle 13 , 
simply the nucleus of the colourless corpuscle softieivhat 
enlarged; flattened from side to side ; changed, by de¬ 
velopment within its interior of a red colouring matter ; 
and set free by the bursting of the sic or wall of the 
colourless corpuscle. In other words, the red corpuscle is 
a free nucleus. 

The origin of the colourless corpuscles themselves is 
not certainly determined ; but it is*highly probable that 
they are constituent cells of paitlculafiparts of the solid 
substance of the body which have been detaAed and 
carried into the blood, and that this process is chiefly 
effected in what are called the uucficss gkmd^ (T^sson V. 

§ 27), from whence the detached cells pass, as 
corpuscles^ directly or indirectly, into the'blood* 

The following facts are of importancein their bearing 
on the relation between the different kinds of" cor¬ 
puscles :— * ^ • 

{a) The invertebrate animals,i which have true blood- 
corpuscles, possess only such as resemble the colourless 
corpuscle! of nian, 

(i) The lowest vertebfate animal, the Lancelet {Amphi* 

' orus), possesses only colijprtess corpuscles ; and the very 
young embryos* of all vertebrate animals have only 
colourless and nucleitcd corpuscles. ^ 

' Inviertebiratft uiimaL^ arc ontmah devoid of bajcltboii«, aitch at iofttctii, 
tnailn, «ea>aii«inane^ itc Vert^bmte aiiimaU arc amphibia, reptiles, 

birfl\ and msAnmala. 

* An embryo it the rudimentary unborn youn^ of aity creatitr* 
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(t) All the vertebrated animals, the young of which arc 
l>r>rn from eggs,' have two kinds of corpuscles^colouriess 
corpuscles, like those of man, aAd lai^e rcd-coloured 
corpuscles, which are generally oval, and further differ 
fjom those of man in presenting a nucleus* In fact, they 
are simply the colourless corpuscles enlarged and 
coloured. 

All animals which suckle their young (or what arc 
callrf mammals) have, Ijke man, two kinds of corpuscles ; 
colourless ones, and sma^ coloured corpuscles—the latter 
bting always flattened, and devoid of any nucleus. They 
are usually circular, hut in the camel tribe they are ellip¬ 
tical* And it is worthy of remark that, in these animals, 
the nucKi of the colourless corpuscles become elliptical, 

, (^) The colourless corpuscles differ much less from one 
* anothet in size and form, in tte vertebrate series, than the 
coloured* The latter are smallest in the little Musk Deer, 
in which animal they arc about a quarter as large as those 
of a man. On the other hand, the red corpuscles are 
largest in the Amphibia (or Frogs and Salamanders), in 
some of which animals they arc ten times as long as in 

S. As ihe blood dies, its several constituents, which 
have npw been de.^cribed, undergo marked changes. 

The ^iauriess corpuscles lose their contractility, but 
otherwise undergo little alteration. They tend to coliere 
neither with one another, nor with the red corpuscles, but 
atlhcre to the glass plate on which they are placed. 

It is quite,ritherwise with the red corpuscles^ 

ks has be^n said, float about and roll, or ^ide, over 
each other quite freely. After a short time (the len^h of 

in different ^^ons, but usually amoutfts to 
,two or three minutes), they seem, as it were, to become 
sticky, H and tend to co^re ; and this tendeff^ increases 
' until, at length, the ^eal majority of them become 
applied face to face, stS"'^*to form long series, like rolls 
of coiir* The end of ooe roll^ cohering with the sides 
of another, a netw^ffi^ of y^ous degrees of closeness is 
produced (Fig. 1?!^^ - 

fhe. corpuscles^ 5 coherent for a certain 

length; of tin)p, 1>iit eventuaUy separate and joat freely 

■ I I'hcse are ftthcA, amphibia, rcptlleii, atid birdst- 
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agaiiL The addition of a little water, or dilute ^cids or 
saline solutions^ will at once cause the rolls to break up. 

It is from this runn^g 6f the corpuscles together into 
patches of network that the change noted above in the 
appearances of the layer of blood, viewed with a Icn^ 
arises. So long as the corpuscles are sepaiate, the sandy 
appearance lasts ; but when they run together, the layer 
appears patchy or spotted. 

The red corpuscles raiely, if ever, all run together into 
rolls, some always remaining fr& in the meshes of the 
net In contact with air, or if sul^ted to pressure^ many 
of th?rcd corpuscles become covered with little knobs, so 
as to look like minute mulbei ries—an appearance which 
lias been mistaken for a breaking up, or spontatieAs divi¬ 
sion, of the corpuscles (Fig* 17, , 

9. There is a still more remarkable change which «the 
red blood-corpuscles occasionally und&rgo* Under certain 
circumstances, the peculiar red substance which forms the 
chief ma^s of their contents, and which has been call^ 
Ju£mogl0(nn (from its readily breaking up into globulin 
and l^ematm, § 6), separates in a crystalline fom. In 
man, these crystals have the shape of prisms; ip ctfher 
animals they take other forms* Human blood crystallizes 
with difficulty, but that of the guinea-pig, rat, or dog 
much more easilyt The best way to see th^^ blo&a’- 
crysiais is to take a little rat's blood, from which the 
fibnn has been removed, shake it up "wjiili a jtttle ether, 
and let it stand in the cold for some Hours* A s^itt^qF 
will form at the bottom, whicn, when exainiAed with the 
microscope* will be found to consist long narrow 
cmtals. Crystalluation is much assisted by adding 
after the ether a small quantft^of alcohol. ^ ^ * 

10. When the layer of blood has been drawn ten or 
fifteen minutes, the plasma will be seen to be no longer 
clcar*^ It then exhibits multitudea^f extreme^ delicate 
filaments of^a substance called,which nave been 
deposited from it, and which ttkyerse it in aQ directions, 
uniting with one anotherwith corpuscles^ and 
binding the whole {pto a setnt 4 o}ht 

It is this deposition of is the cause Qf 

the apparent solidification, or .coagulanoir, gf the 
upon the s^nd slide; but the phenomena of ooCgula- 
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tion, wjiich d-ie of vciy great impoitanee, cannot be 
properly understood until the behaviour of the blood, 
when drawn in larger quantity than a drop, has been 
studied. 

^11, When, by the oidinaiy piocehs of opening a vein 
vvUh a lancet, a quantity ol blood is collected into a basin. 
It IS at first pgifecily fluid . but in a vciy few minutes it 
becomes, through.coagulation, a jclly-hke mass, so solid 
that the basin injiy be tinned upside down without any of 
the blood bfcm^ spilt At lust the clot is aunifotm ted 
jelly, but very soon diops of a cluir yellowish \^^tery- 
looking fluid mike then appcaiance on the suiface of ihc 
clot, and on the sides ot the basin These diops met ease 
in numbet, and run togethexj and aftei a whde it his 
becoiuc apparent that the originally uniform jelly has 
separated into two very different constituents—the one a 
clear, yellowish j the other a led, scmi-sohd mass, 
which hes itx the liquid, and «t the surface is paler m 
colour'llnd firmer than in its deeper park 

The liquid is called the serum; the scmi-sohd mass the 
dot, or cra^^ameniunu Now the clot obviously contains 
the corpuscles of the bloody bound together by some 
other substance ; and this if a small part of the ch^t 
be examined micioscopicatjy> will be found to be that 
fibrous-looking which has been seen form 

mg in the thin layer of blood. Thus the clot is equiva¬ 
lent to tlic j^orpusclcii ^ius the fibrm of the plasma, while 
Ifhc serum is the plasma minm the fibrinous dements 
which It coniri^ecL 

13 . The corpuscles of the blood are slightly heavier 
th^n the plasm^ and tljernfqjte, when the blood is drawn, 
they -infe very slowly tow^|lk the bottom. Hence the 
upper part of the clot contains fewer corpuscles, and is 
lighter in colour, thaif the lower part’-^ere being fewer 
corpuscles left in the upper pf fiasfea for the 

fibrin to catch when it^ts. there are some con¬ 
ditions of the blood the corpi^les run together 

mitdi more rapidly denser masses than usual 

Hence they more tho resistance of the 

piasm^to thetr fainHMult^s feathers stuck together in 
masses 601 miAih through the Air than the 

same feathers when loosw# When ^fs is the cas#>, the 
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upper stratum of plasma is quite free from red coipusclcs 
before the fibrin forms in it; and, consequently, the 
uppermost layer of the clot is nearly white; it receives 
the name of the tuffy cotU. 

After the clot is formed, the fibrin shrinks and squeezes 
out much of the scrum contained within its meshes ; and, 
other things being equal, it contracts the more the fewer 
corpuscles there are in the way^of its shrinking. Hence, 
when the huffy coat is formed, it usually oqjitrapts $0 much 
as to give the clot a cup’like upper surface. 

Tilts the buffy coat is fibrin naturally separated' from 
the red corpuscles ; the same separation may be effected, 
artificially, by whipping the blood with twigs as soon as 
it is drawn, until its coagulation ia ■cqtnplete. Under 
these circumstances the fibrjn upon thq^twigsj 

and a red fluid will be left ^hind, iE^Bti^ngof the seTum 
pins the red corpuscles, dud many the colourless ones* 
13- The coagulation of the blood idT'hasten^d, rinded, 
or temporarily prevented by many circumstances, ^ ' 

(a) Temperature ,—A high temperature accelerates the 
coagulation of the blood; a low one retards it very 
greatly; and some experin^ters ,h^e stated thaff, #hen 
kept at a sufficiently low tc3pSfferature, it does not coagu¬ 
late at all . ^^ ^ 

ip) The tuidiUoH of solubte matter to the blo ^^—Many 
saline substances, and more especially sulphate of soda 
and common salt, dissolved in the bloftd in ' 

quantity, prevent its cdagulation ; but coagu lation set^ 
in when water is added, so as to dilute th^lS^ne solution. 

(c) Contact with living or not living Contact 

with 9ot living matter prqp^^-^thc coagulation of ihe 
blood. Thus, blood drawn-lt^or a basin begins «> ^agu- 
late first where it is in contact the sides of the 
basin; wire introduced MEo a living vpm wiU 

become coated with althiiigh perfectly fluid blood ■ 

surrounds it, ^ 1,. 

On the other hand, direct^Sbtrt^ ^ith living matter 
retards, or altogeier prewnte^Jtlg^oagulation of the 
blood. Thus bldoS remainsj|((i 0 JMp very long time in ^ 


a portion Of a vekuwhich is ried ^^h md. • 

The heart of aMurtle retmnjndivc for: a lepgtheneO 
perioi (many hours or pveftr=dS^) after it is extracted from^^ 
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the body ; and, so long ab it remains alive, the blood coP" 
tnined in it will not coagulate, though, if a portion of the 
same blood be removed from the heart, it will coagulate in 
a few minuter, 

,1 Blood taken from the body of the turtle, and kept from 
coagulating by cold for some time, may be poured into 
the separated, but still living, heart, and then will not 
coagulate* 

Freshly deposited fij|;)rin acts somewhat like living 
matter, coagulable blood remaining fluid for a long time 
m tubes coated with such fibrin. 

14. The coaguKtion of the blood is an altogether 
physico-chemical process, dependent upon the properties 
of certain" of the constituents of the plasma, apart from 
che vitality of that fluid. This is proved by the fact that 
if tlood-pl&sma be prevented from coagulating by cold, 
and greatly diluted, a current of carbonic acid passed 
through It will throw down a white powdery substance. 
If this white substance be dissioivcd in a weak solution of 
common salt, or in an extrenielv weak solution of potash 
or soda, it, adter a while, co.»galates, and yields a clot of 
true^ptm flbrin* It. would be absurd to suppose that a 
substance which has been precipitated from its solution, 
and redtssqjved, still remains nlive. 

Therl are reasons for believing that this white sub¬ 
stance consists of two constituents of very similar com* 
• position, which exist separately in living blood, and the 
unton of which is the cau^ie of the act of coagulation. 
These reasozr may be briefly stated thus: —The pen- 
cardiuiQ and ot>efl^6iis cavities in the body contain a 
cle;^r fluid, which has exj^ed from the blood-vessels, and 
cont&^Sithe elements m the blood ^without the bloods 
corpuscles* This fluid sometimes ^oagulates spon¬ 
taneously, Bs the blood plasma would qo^ bu^ very often 
shorn no disposition to spontaneous coagulation. When 
this is the case, it may nevertheless be made to coagulate, 
and yield a true fibrii^>us clot, by adc^pg to it a little 
serum of blood. 

Now, if serum of blood be largdy diluted with water 
"^and a Current of carbonic acid be gas passed through it, 
a white powdery substahee will be thrown down; this, 
redissolved in a dilute saline, or extremely dilute alkaline, 
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soIuHon will, when added to the pericardial fluid,*produce 
even as good a clot as that obtained with the original 
serum* 

This white substance has been called glokuiih.^lt 
exists not only in serum, but also, though in smaller 
quantities, in connective tissue, in the cornea, in the 
humours of the eye, and in some other tiulds of the body. 

it possesses the same general chemical properties as 
the albuminous substance which tnters so largely into the 
composition of the red corpuscles (§ 4), and hence, at 
presefit, bears the same name. But when treated witTi 
chemical reagents, even with such as do not prodtfee any 
appreciable effect on its chemical com position, it very 
speedily loses its peculiar power of causing s§^rous fluids 
to coagulate. For insttincc, this power is destmyeef by att 
excess of alkali, or by the presence bf acids. * 

Hence, though there is great reason to believe that the 
Librino-plasiic globulin (as it has been called) which exists 
in serum does really come from the red corpuscles, the 
globulin which is obtained in large quantities from these 
bodies, by the use of powerful reagents, has no coagu¬ 
lating effect at all Oi pericardial or other serous fltidS. 

Though globulin is so susceptible of change when in 
solution, it maybe dried at a low tempdtature anti 
the form of powder for many months, without losing its 
coagulating power. 

Thus glo^lhiy added, under p^'oper conAitions, to Sl^^^ 
effusion, is a coagulator of that effusion, giving rise to the 
development of fibrin in it. , ^ 

It does so by its interaction tvhh a:|^b^nce contained 
in serous effusion, which extracted b^uelf, 

and then plays just the same part tdwards a solmon of 
globulin, as globulin does,towards its solution. This, 
substance ^as been called fibrinogen. It is exceedingly 
like globulin, and' may be thrown down from serous 
exudation by carbonic acid,,^just as globulin may be 
precipitatedTrom the serunj. ^tlie blood. When rodis- 
solved in an alkmine solution/fthd added to any fluid con¬ 
taining globulin, it acts as a coagulator of that fluid, ^ and 
gives rise to the development of^a clot of 6brin in it, ^In 
accordance* with what has just been stated, serum of blodd 
whidh has completely coagulated may be kept in onc^ 
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vessel, qnd pericardial fluid in another, for an indefinite 
period, if spontaneous decomposition be prevented, with¬ 
out the coagulation of either. But tet them be mixed, and 
coagulation sets in. 

f Thus It seems to be clear, that the coagulation of the 
blood, and the formation of fibrin, are caused primarily 
by the interaction of two substances (or two modifications 
of the same substance), Khhulin or fibi^inaplmtin and 
Hhrino^etf^ the former ofe which may be obtained from the 
serum of the blood, and from some tissues of the body; 
\(^hile the latter U known, at present, only in the ptasma 
of the blood, of the lymph, and of the chyle, and in fluids 
derived from tlicm. 


15. The proverb thatblood is thicker than water is 
^itcralW trfte, as the blood is not only thickened by the 
corpuscles, of which it has been calculated that no fewer 
than 7o,ooo,cx»,cxx) (eighty times the number of the human 
population of the globe) are contained in a cubic incli, 
but is rendered slightly viscid by the solid matters dis¬ 
solved in the plasma* The blo_od is thus rendered heavier 
than water, its specific gravity being about 1055, In other 
words,^twenty cubia inches bf blood have about the saitie 
weight as twenty-onfi cubic inches of waten 
The corpuscles*arc heavier than the plasma, and their 
volume IS usually somewhat less than that of the plasma. 
Of colourless corpuscles there arc usually not more than 
' thr^ or four fer every thousand of red corpuscles; but 
file riuqaber varies very much, increasing shortly after 
food is' diminishing in the intervals between 


meals* 

The blood is hot, its temperature being about 100'' 
Falif^heit 

*16/ Considered chefni(;ally, the blood is an alkaline 
' fltiidj consisting of water, of solid and of matters, 

^ proportions of these several constitutents vary 

according to age, sex, and condition, but the following 
^ statement holds good on the average 


In-^very lOO parts of the blood there are 79 parts of 
^water and 21 parts^of dry solids; inPother words, the 
-writer and the solids of the blood stand to one another in 


^ dibout the same proportion's the nitrogen and the oxygen 
of theain Roughly speaking, one quarter of the Mood 
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is dryI solid matter; tliree quarters water. Oi the 21 
parts of dry solids, 12 ftlis) belong to the corpuscles* 
The remaining 9 are About two-thirds (67 parts = f ths) 
albumin (a substance like while of e^j coagulating by 
beat), and one-third (— flh of the whole solid matter)-n 
mixture of saline, fatty, and saccharine matters, sundry 
produf'ts of the waste of the body, and fibrin. The 
quantity of the latter constituent is remarkably small m 
relation to the conspicuous parlfr it plays in the act of 
coagulation* Healthy blood, in fact, yields in coagulating 
not If ore tlian from two to four parts in a thousand of its 
welglit of fibrin, 

'1 he total quantity of gaseous matter contained in the 
blood is equal to rather less than half ,ftie volume of the 
blood ; that is to say, 100 cubic inches of bJoocl wi^l con^* 
tain rather less than 50 cubic inches of gases. 'Il^ese 
gaseous matters are carlionic acid, oxygen, and nitrogen ; 
<ir, in other words, the same gases as those which exist in 
the atmosphere, but in totally different proportions; for 
whereas air contains nearly three-fourths nitrogen, one- 
fourth oxygen, and a mere trace of carbonic acid, the 
avoriege composition of the blood gases is neariynwo-* 
thirds carbonic acid, rather less thSn one-third oxygen, 
and not one-tenth nitrogen* ' * 

It is importanf to observe that blood contains much 
more oxygen gas than could bo held in solution by '{>iire 
water at the same temperature and ^fressure* 
power of holding oxygen appears in some way to* depend 
upon the corpuscles, tirstly, because metfr*s!^um has no 
greater power of absorbing oxygen thani;|jltire water has \ 
and secondly, because red corpuscles suspended in water 
instead of serum absorb oxygenyfery readily. The rftygen 
thus held by the red corpuscles fs readily given up by 
them icr purposes of oxidation, and indeed can be 
removed from them by means of a mercurial gas ptithp. 
It would appear that the connection between the oxygen 
and the red corpuscles is of a peculiar nature, being a sort 
of loose chemical combination with one of their ton- 
stitnents, that coftstituent being the haemoglobin; for 
solutions of haemoglobin behave towards oxygen exactly 
as blood does. * 

The corpuscles differ chemically from the plasma, in 
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containing a lai^e proportion of the fats and phosphates^ 
all the iron, and almost all the potashi of the blood; 
while the plasma, on the other hand, contains by far the 
greater part of the chlorine and the soda. 

* 17, The blood of adults contains a larger proportion of 
solid constituents than that of children, and that of men 
more than that of women ; but the difference of sex is 
hardly at all exhibited by persons of flabby, or what is 
called lymphatic, constitotion, 

^ Animal diet tends to increase the quantity of the red 
corpuscles ; a vegetable di^t and abstinence to dirtlinish 
them. Bleeding exercises the same mducnce in a still 
more marked degree, the quantity of red corpuscles being 
diminished thereby in a much greater proportion than 
that o\ the other solid constituents of the blood. 

18. The total quantity of blood contained in the body 
varies at different times, and the precise ascertainment of 
its amount is very difficult It may probably be esti¬ 
mated, on the average, at not less than one-thirteenth of 
the weight of the bod V. 

19, The function of the blood is to supply nourishment 
to, take away waste matters from, all parts of the 
body. It is absolutely essential to the life of every part 
of the Ijody that ft: should be in such relation with a cur¬ 
rent of blood, that matters can pass freely from the blood 
to it, and from it to tlie blood, by transudation through 
tfie^alls of‘ thS vessels in which the blood is contained* 
And this vivifying influence depends upon the corpuscles 
of the blood!^*^lie proof of these statements lies in the 
following expeWments :—If the vessels of a limb of a 
Uviof animal be tied in such a manner as to cut qff the 
supp^ of^blood from the limb, without affecting it in any 
<rther way, all the symptoms of death will set in. The 
limb will grow pale and cold, it will lose insensibility, 
and volition will no longer have power over it; it will 
stiffen, and eventually mortify and decompose* 

But, even when the death stiffening has begun to set in, 
if the ligatures be removed, and the blood be allowed to 
flow into the limb, the stiffening speedily ceases, the tem¬ 
perature of the part rises, the sensibility of the skin re- 
tdrns, the will regains power over the musoles, and, in 
short, the part rettims to its normal condition. * 
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Iff itkste 3 <l of simply allowing the blood of tho animal 
operated upon to flow again, sucli blood, deprived of its 
fibrin by whipping, but containing its corpuscles, be arti- 
fidaily passed through the vessels, it will be found as 
effectual a restorative as entire blood ; while, on the other 
hand, the serum (which is equivalent to whipped blood 
without its corpuscles) has no such effect 

it is not necessary that the blood as artificially in¬ 
jected should be that of the svbject of the experiment. 
Men, or dogs, bled to apparent death, may be at once and 
effe<fttjally revived by filling their veins with blood taktn 
from another man, or dog; an operation which is known 
by the name of transjusum^ 

Nor 15 it absolutely necessary for the success of this 
operation that the blood used in transfusion sltoultf beloirg 
to an animal of the same spcscies. The blood of^a^iorse 
will permanently revive an ass, and, speaking generally, 
the blood of one animal may be replaced without injurious 
effects by that of another closdy-^icd species; while 
that of a very different animal will be more ot less in^ 
jurious, and may even cause immediate death. 

20, The Lymph^ which fills the lymphatic vessels, is, 
like the blood, an alkaline fluid, consisting of a plasma 
and corpuscles, pnd coagulates by the*Beparalioq of fibrin 
from the plasma. The lymph differs from the blood in 
its corpuscles being all of the colourless kind, and in the 
very small proportion of its solid coflstituentSj,_jji^ijl? 
amount to only about 5 per cent, of its weights LSmph 
may, in fact, be regarded as blood its red cor'< 

puscles, and diluted with water, so as to he somewhat less 
den^ than, the aerum of blood,'which contains al^mt 8 
per cent, of solid matters, 

A quantity of fluid equal to that of the blood is pro¬ 
bably povrra into the blood, daily, from the lymphatic 
system. This fluid is in great measure the mere overflow 
of the blood itself—plks ma which has exuded from the 
capillaries into the tissues, and which has not been taken 
up again into the venous current; the rest is due to the 
absorption of ch')^le from the alimentary canaJ. 
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m I* Thi? "blood, the general nature and properties of 
whioii liavc been descrilJed in the preceding Lesson, is 
the highly complex product, not of any one or^n or con¬ 
stituent of the body, but of all Many of its features are 
doubtless given to it by its intrinsic and proper structural 
elements, the corpuscles ; but the general character of 
the blood is also profoundly affected by the circumstance 
that tfvvy other part of the body takes something from 
the,blood and pours Something into it. The blood may 
be compared to a river, the nature of the contents of 
which i? largely determined by that of the head waters, 
and by that of the animals which swim in it; but which 
ns also very* rrrtich affected by the soil over which it 
fffiwSf'by the water-weeds which cover its bants, and 
,by affluents distant regions; by irrigation works 

which are supplied from it, and by drain-pipes which 
flow^into it , 

2* 0«e#f the most remarkable and important of the 
changes effected in the blood is that which in 

most parts of the body, from its simply passing through 
cRpillarics, or* in other words, through vessels the walls 
of which are thin enough to permit a free exchange be¬ 
tween the blood and the fluids which permeate the adja¬ 
cent tissues (Lesson 11 , g i), 

' Thus, if blood be taken from the arte^ which supplies 
^ limb, it wiftbe found to have a bright scarlet colour ; 
while blood drawn, at the same time, from the vein of the 
iimb, will be of a ^purplish hue, so dark that it is cflm- 
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monly called “ black blood/' And as this contract is met 
with in the contents of the arteries and veins in general 
(except the pulmonary" artery and veins), the scarlet blood 
is commonly known as arterial^ and the black biood as 
v€nous^ . ^ 

This conversion of arterial into venous blood takes 
place in most parts of the body, while life persists* Thus, 
jf a limb be cut off and scarlet blood be forced into its 
arteries by a syringe, it will issuaAom the veins as black 
blood. 

3. *-Vhen specimens of venous and of arterial blood afNs 
subjected to chemical examination, the differences pre¬ 
sented by their solid and fluid cbnstituents are found to be 
very small and inconstant* As a rule, there is rather 
more water in arterial blood, and rather more fatty ihattcff^' 
liut the gaseous contents of the two kinds of bloofl (differ 
widely in the proportion which the carbonic acid gas 
bears Lo the oxygen ; there being a smaller quantity 
oxygen and a greater quantity of carbonic acid, in veitous 
than in arterial blood* 

And it may be experimentally demonstrated that this 
difference in their gaseous contents is the only essential 
tiifference between venous and arterial blood. For if 
re nous blood he shaken up with ox)rgerf^ or even ^ith air, 
it gains oxygen, loses carbonic acid, and takes on the 
colour and properties of arterial blood. Similarly, if 
arterial blood be treated with carbonic aftid *60 as. to 
' Eioroughly satumted with that gas, it gains carbonic^d, 
oxygen, and acquires the true prp^iltes of venous 
blood ; though, for a reason to be mentfbned below, the 
cinnge 'is not so complete in this case as in the fomier. 
The same result is attained, though more slowljj^t the 
blood, in either case, be received into a bladder, and then ' 
placed in^the carbonic acid, or oxygen gas ; the thin 
moist animal membrane aBowing the change to be effected 
with perfect case, and goffering no serious impediment to 
the passage of either gas. 

4* The physico-chemical processes involved in the ^ 
exchange of carUbnic acid for oxygen when venous Is 
converted into arterial blood, or the reverse,^in the cases ^ 
. mentioned flubove, are not thoroughly understood, and dtt 
probably somewhat complex. 
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It is known {a) that gases^ mechanically held by a fluid 
in a given proportion, tend to difltise into any atmosphere 
to which they are exposed, until they occupy that atmo¬ 
sphere in corresponding proportions; and (h) that gases 
separated by a dry porous partition, or simply in contact, 
diffuse into one another with a rapidity which is inversely 
proportioned to the square roots of their densities, A 
knowledge of these physical principles does, in a rough 
way, lead us to sec how^ the gases contained in the blood 
may effect an exchange with those in the air, whether the 
tfiood be freely exposed, or enclosed in a membrane^ 

But the application of these principles gives no more 
than this sort of general insight. For, in the first place, 
when aitenalization takes place through the walls of a 
'bladdfr, or any other thin animal membrane, the matter 
is D&mplicated by the circumstance that moisture dissolves 
carbonic acid far more freely than it will oxygen ; hence 
a wet bladder has a ver^ dincrent action upon carbonic 
acid from that which it has upon oxygen. A moist 
bladder, partially filled with oxy^n, and suspended in 
carbonic acid gas, becomes rapidly distended, in con- 
seqi^iAte of the cat bon ic acid gas passing into it with 
much greater rapidity than the oxygen passes out* 
Secondly, the gtLses of the blood arc not held in a 
merely mechanical way in it; the oxygen seems to be 
loosely combined with the red corpuscles (Lesson III* 

* f thete is reason to think that a great part, at 

least,,of the carbonic acid, is chemically connected, in a 

. similarly lo9S€f^way, with certain saline constituents of 
the serum. Kence the arterialization of blood in the 
luniks seems to be a very mixed process, partly physical, 

, and^t,^oa certain extent chernical, and consequently 
very difficult to analyse, ^ 

The same may also be said of the change frpm arterial 
to veij^ous blood in the tissues* Owing to the peculiar 
relation^of oxygen to the red blood-corpuscles, the process 
which l^es place in the tissues is not a simple inter- 
ch^ge by diffusion of the oxygen of the blood for the 
harbonic acid of the tissues ; on the cdhtrary, the oxygen 
is^vfcn up Cor purposes of oxidation, the demand being 
. ftetennined by the supply of oxidizablc materials in the 

* tissue^ while the blood, poor in carbonic acid, takes up, 



' IV.] ARTERIAL AND VfNOUS BLOOD. 77 

apparent]y by an independent action, a quantity of that 
gas from the tissues rich in it- 

Hence venous blood is characterized not only by the 
large amount of carbonic acid present, but also by the 
fact that the red corpuscles have given up a good deal of 
t their oxygen for the purposes of oxidation, or, as the 
' chemists would say, have become reduced, ^his i$ the 
reason why arterial blood is not so easily converted into 
venous blood by exposure to carbonic acid as venous 
blood into arterial by exposure to oxygen. There is, in 
the %mer case, a want of some oxidizable substance to 
carry off the oxygen from and so to reduce the red corpus¬ 
cles. When such an oxidizablei' substance is added (as^ 
for instance, a salt of iron), the blood at once and imme¬ 
diately becomes completely venous. 

Practically we may sty that the most importantvdiffer- 
cnce between venous and arterial blood is not so much 
the relative quantities of carbonic acid as that the red cor¬ 
puscles of venous blood have lost a good deal of oxygen, 
arc reduced, and ready at once to take up any oxygen 
offered to them. 

5* The cause of the change of colpur of the Wocair-ot 
its darkening when exposed to earbonic acid, and its 
brightening when under the influence of oxygen—is not 
thoroughly understbod. There is reason to thidk, how¬ 
ever, that the red corpuscles are rendered somewhat 
flatter by oxygen gas, while they are distended by the 
action of carbonic acid (Lesson ilL $ 4)^ UndSPSHfe 
former circumstances they may, not impjxjfeably, reflect 
the light more strongly, so as to give a more distinct ^ 
coloration to the blood ; while, under the latter, they may ■ 
reflect less light, and, in that way, allow to 

appear darker and duller. 

This, however, is not the whole of the matter; for 
solutions hf haemoglobin or of blood-cryst^ (Lesson 11 L 
§ 9)3 even wheb perfectly free from actual blo 6 d-cor- 
puscles, change in colour from scarlet to purple,, accord¬ 
ing as they gain or lose oxygen. It has already been 
stated (Lesson HI. 5 ^ 16) that .oxygen most probably 
exists in the blood in loose combination with hasmo- 
globin. But, further, there is evidence to Aow that> a 
soll^tton of haemoglobin, when thus loosely combined witli^^ 
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oxygeiij^ has a scarlet colour, while a solution of haemo' 
globin, cieprived of oxygen, has a purplish hue. Hence 
arterial blood, in which the ha^ifiOglobin is richly pro¬ 
vided with oxygen, would naturaUy he scarlet, while 
venous blood, which not only contains an excess of car* 
oonic acid,,but whose haemoglobin also has lost a great 
deal of its oxygen, would be purple, 

6* Whatever may be their explanation, however, the 
facts are certain (i), ijhat arterial blood, separated by 
only a thin membrane from carbonic add, or from a fluid 
containing a greater amount of carbonic acid than •itself, 
and also carrying certain oxidizable materials, becomes 
venous; and (2) that venous blood, separated by only a 
thin membrane from oxygen, or a fluid containing a 
^greater proportion of free oxygen than itself, becomes 
arted^. 

In these facts lies the explanation of the conversion of 
scarlet blood into dark blood as it passes through the 
capillaries of the body, for the latter are bathed by the 
jutces of the tissues, which contain carbonic acid, the 
.product of their waste and combustion, in excess, to¬ 
gether *ynth highly foxidizable matters. On the other 
hand, if we seek for*’the explanation of the conversion of 
the dark blood in the veins into the scarlet blood of 
the arteHes, we find, ist, that the blood remains dark in 
the-right auricle, the right ventricle, and the pulmonary 
/ artery; tb-at it is scarlet not only in the aorta, but in 
fu^Tcft ventricle, the left auricle, and the pulmonary veins. 

Obviouslyf- then, the change from venous to arterial 
* takes place in the pulmonary capillaries, for these are the 
sole channels of communication between the pulmpnary 
art^ffod the pulmonary veins. 

7. But what are the physical conditions to which the 
blood is exposed in the pulmonaij capillaries? y 

These vessels are very wide, thin wdled, and dosely set, 
so as to form a network with very small meshes, which is 
contained in the substance of an extremely thin mem¬ 
brane. This ffli^brane is in contact with the air, so that 
the blood in each capillary of the lung‘-is separated from 
tb^air by only a delicate pelU^e formed by its own wall 
a£d the lung membrane. HencFait exchange very readi)y 
takes place between file blood and the air; the Is-tter 
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i (raining moisture and carbonic acid, and losing oscygeu 

(Lesson I, 55 23, 34' 

This is the essentia> step in respiration : that it really 
takes place may be deiiiunstratcd very readily, by the 
experiment described in the first Lesson (J 3), in whick 
air expired was proved to differ from air inspired, by com 
tabling more heat, more water, more carbonic acid, and 
less oxygen; or, on the oth^ir hand, by putting a ligature 
on the windpipe of a living an^nal so as to prevent air 
from passing into, or out of, the lungs, and then examin¬ 
ing tie contents of the heart and great vessels. Tile 
blood on both sides of the heart, and in the pulmonary 
I'cins and aorta, will be found to be as completely venous 
as in the vena; cav«e and pulmonaiy artery. 

Uut though the passage of carbonic acid gas and ho>* 
watery vapour out of the blood and of oxygen ^rfto it 
is the essence of the respiratory process—and thus a 
membrane with blood on one side, and air on the other, 
is all that is absolutely necessary to effect the purification 
of the blood—yet the accumulation of carbonic acid is so 
rapid, and the need for oxygen so incessant, in all parts 
of the human body, that the former fiould not be^iftired 
away, nor the latter supplied, wit IT ade equate rapidity, 
without the aid of extensive and coinpHcated accessory 
machinery—the arrangement and working of whjph must 
next be carefully studied, 

8, The back of the mouth or pharynM^ cormtiunic^cs • 
bv two channels with the external air (see Fig, 40). One 
of these is formed by the nasal passagcsr™ich cannot 
be closed by any muscular apparatus of fheir own ; the 
other is presented by the mouth, which can be shtjf or 
opened at will. • * * 

Immediately behind the tongue, at the lower and front 
part of tljp pharynx, is an aperture—the glottis (Fig, 
19, GZ)—capable of being closed by a sort of lid—the 
epiglottis —or by the shutting together of its side bound¬ 
aries^ formed by the so-called vocal chords^. The glottis 

^ The student ihwit guaid against th« idea that artehal bbod i;oii- 

UinK QO carbonic acid, »ld venous bloM no oxygea In pacing Uu^UMh the 
lungs venous bJood lotses only a part of its carb^ic acid ; and arterial bltmdi 
in parsing through the lis^es; 1^^^ only a part of its oxyi^tL^ In 
howeiver veno^ there is la health always fioiie oxygen: and in even the 
bright^ artetia] falood there is actuary more carbonic acid than oxygeuv 
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opens into a chamber with cartilaginous walls — the 
larynx/ and leading from the larynx downwards along 
the front part of the throat, where it may be very readily 
felt, is the trachea^ or windpipe (Fig. 19, TV.), 
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FSOM WHICH ?aJ?jVfcRTRBKAL COLUMN AHI> WHOLE POSTEJ?lOE WALL 
OF TftE ChVST A^E SUrFOSEO Tn BE KEUOVED. 


Jf miHith; a. gloKifl: Tr. trachea: L.L. lefl lung: right Itin^ : Sk 

wlmonary artery; pulmonary veins; aorta; 

D. ; //. heart; vena rava inferior. 


If the trachea be handled through the skin^ it will be 
found to be jkm and resisting. Its w^s arc^ in fact, 
strengthened^ by a series of cartilaginous^hoops, which 
hoops are iheomplete behind, their ends being imited 
only by muscle and membrane, wher^ the trachea comes 
into contact with the gullet, oneso/t^a^. The trachea 
pauses into the thorax, and there divides into two branches, 
alright and a left, which are termed the brcnchi (Fig. 
191, Br,\ Each bronchus enters the lung of its own «ide, 
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and then breaks up into a great number of .smaller 
branches, which are called the bronchial tnhes^ As these 
diminish in size, the Jartilagcs, which are continued all 
through the bronchi and their large ramifications, become 
.smaller and eventually disappear, so that the walls of th<? 
smallest bronchial tubes are entirely muscular or mem¬ 
branous* Thus while the trachea and bronchi arc kept 
permanently open and pervious to air by their cartilages, 
the smaller bronchial tubes may Ifc almost closed by the 
contraction of their muscular waQs. 

Th^ finer bronchial tubes end at length in elongateS 
dilatations, about ^^thof an inch in diameter on the average 
(Fig, A). Each of these dilatations is beset with, or 
perhaps rather is made up of, little sacs, which open irre¬ 
gularly into the cavity of the dilatation* These,sags are* 
the air-cells. The very thin walls ^,Fig, 20, B) wHich 
sepjiratc these air-oells are supported hy much delicate 
and highly elastic tissue, and carry the wide and close-set 
capillancs into which the ultimate ramifications of the 
pulmonary artery pour its blood (Fig* 20, D)* Thus, the 
blood contained in these capillaries is exposed on both 
sides to the air—being separated fjom the air-Ct!fr on 
cither hand only hy the very delicate^llicle which forms 
the wall of the capillai^, and the lining 6f the air^^ac, 

9, Hence no conditions can be more favourable to a 
ready exchange between the gaseous contents of the blood 
and those of the air in the air-cclls, than th? arran^n>f 1 
which obtain in the pulmonary capillaries ; and, thus far, 
ihe structure of the lung fully enables us^o^understand 
how it is that the large quantity of blood ^ured through 
the pqlmonary circulation becomes exposed in very^hin 
streams, over a large surface, to the air. But^tHt only 
result of this arrangement would be, that the pulmonary 
air would ^r^ry speedily lose all its oxygen, and become 
completely saturated with carbonic acid, ^ if especial pro-' 
vision were not made for its being incessa&lljgjrenewed. 

la If an adult man, breathing calmly in the sitting 
position, be watchet^ the respiratory act will be observed 
to be repeated thftteen tff fifteen times every minute. 

Cach act consists of certain components which succeed 
one anothcp in a regular rhythmical order* First, th8 
breath is drawn in, or in^ind; immediately afterwards 
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it i'; flrivcn out, or expired; and these successive acts of 
insfiiratim aiitl expiration arc followed by brief pause. 
Thu% just as in the rhythm of file heart the auricular- 
syhtiiloj the ventricular systole, and then a pause follow in 
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A* Tft'o iiir-celk with tlio ulciPd^te broiicliifil tiiht [«) which epen^ Into 
them* 3a [jiameter^d ^ 
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regular order ; so in the chest, the in spiral ion,, the expi- 
ruiiun, and then a pause succeed one another. At each 
inspiration of an aduft well-grown man about thirty cubic 
inches of air are inspired j and at each expiration the 
same, or a slightly smaller, volume (allowing for the in¬ 
crease of temperature of the air so expired) is given out 
<jf the body, 

u. The expired air differs from the air inspired in the 
foUowmg particulars :— • 

{a) Whatever the temperature of the external air is, that 
expired b nearly as hot as the blood, or has a temperature 
between 98^ and 100*. 

(^) However dry the external air may be, that expired is 
quite, or nearly, saturated with watery vapoun 

(f) Though ordinary air contains nearly Sjioojiarts 
oxygen, and 7,900 of nitrogen, with not more than Jparts 
of carbonic acid, in 10,000 parts, expited air contains 
about 470 parts of carbonic acid, and only between 1,500 
and 1,6<X) parts of oxygen ; while the quantity of nitrogen 
suffers little or no change* Speaking roughly, air which 
has been breathed once has gained five per cent, of 
carbonic acid, and lost hve per cent*of oxygen* 

The expired air contains, in addftion, a greater or less 
quantity of animal matter of n higfhly decopiposable 
character* 

{d) Very close analysis of the expired air shows, firstly, 
that the quantity of oxygen which disafpenrs is ali^gj^^ 
slightly in excess of the quantity of carbonic acid sup¬ 
plied ; and secondly, that the nitrogen ^s Variable—the 
expired nitrogen being sometimes slighfly in excess of, 
sometimes slightly less than that inspired, and sorn^mes 
remaining stationary* 

12* From three hundred and fifty to four hundred cubfc 
feet of aijf are thus passed through the lungs of an adult 
man taking little or no exercise, in the course of twenty- 
four hours; and arc charged with carbonic acid, and 
deprived of oxygen, to the extent of nearly five per cent. 
This amounts to a^out eighteen cubic feet of the one gas 
taken in, and of fhe other given out. Thus, if a man be 
shut up in a close room, having the form of a cube s^en 
feet in the side, every particle of air in that roomiffill 
ha\^ passed through his lungs in twenty-four hours, and 
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a fourth of the oxygen it contained will be replaced by 
carbonic acid. , 

The quantity of carbon eliminated in the twenty-four 
hours is pretty nearly represented by a piece of pure char¬ 
coal weighing eight ounces. 

The quantity of water given off from the lungs in the 
twenty-four hours varies very much, but may be taken on 
the average as rather less than half a pint, or about nine 
ounces^ It may fall b^low this amount, or increase to 
double or treble the quamity, 

13. The mechanical arrangements by which the respi- 
ratoiy^ movements, essential to the removal of the great 
mass of effete matters, and the importation of the large 
quantity of oxygen indicated, are effected, may be found 
" in—{jil^the elasticity of the lungs ; ifi) the mobility of the 
sides'^and bottom of the thoracic cavity in which the lungs 
are contained. 

The thorax may be regarded as a completely shut coni¬ 
cal box, with the small end turned upwards, the back of 
the box being formed by the spinal column, the sides by 
the ribs, the front by the breast-bone, the bottom by the 
diaphragm, and the top by the root of the neck (Fig. 19). 

The two lungs pccupy almost all the cavity of this box 
which is^not taken up by the heart. Each is enclosed in 
its serous membrane, ^fipleura^ a double bag (very simi¬ 
lar to the pericajdtum, the chief difference being that the 
of each pleura is, over the greater part of its ex¬ 
tent, quite adherent to the w^ls of the chest and 
* the diaphragm (see Fig, 9), whOe the outer bag of the peri¬ 
cardium is for the most loose), the inner bag closely 
covecjrpg the lung and the outer forming a lining tfc> the 
cavity oiThe chest. So long as the walls of the thorax 
are entire, ihe cavity of each pleura is practieffly oblite¬ 
rated, that layer of the pleura which covers the lung being 
in close contact with that which lines the wall of the 
chest; but if a small opening be made into the pleura, 
the lung at once shrini^ to a comparatively small site, 
and thus develops a ^eat cavity betw^^ the two layers 
of the pleura. If a pipe be now fitted into the bronchus, 
blown through it, the lung is very readily dis¬ 
tended to its full size ; but, on being left to itself, it fol- 
lapses, the air being driven out again with some force. 
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The abundant elastic tissues of the walls of the air-cells 
arcj in fact, so disposed as to be greatly stretc*hed when 
the lungs are full ; a#id, when the cause of the distension 
I’s removed, this elasticity comes into play and drives the 
greater part of the air out again. ^ * 

The lungs are kept distended in the dead subject, so 
long as the walls of the chest are entire, by the pressure 
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A, The bony fib ; tb« caitUase ; the junction of bone and CArtUe^ I 
e, ofssifled, portions of the sternum. A, Exteimal intercostal 
musdo. Internal intercostaj muscle. In the middle intcnpacci the 
external intercostal has been mnoved to show the internal intercostal 
beneath it. 


of the atmospher^ For though the elastic tissue is all. 
the while pulling*as it were, at the layer of pleura which 
covers the lung, and attempting to separate it from Aat 
which line* the chest, it cannot produce such a separation 
without developing a vacuum between these two layers. 
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To effect this, the clastic tissue must pull with a force 
greater than that of the external air (or fifteen pounds to 
the square inch), an effort far beyond its powers, which 
do not ^qual more than one-fourth of a pound on the 
square inch. But the moment a hole is made in llic 
yjleura, the air enters into iu cavity, the atmospheric pres¬ 
sure inside the lung is equalized by that outside it, and 
the clastic tissue, freed from its opponent, exerts its full 
power on the lung. 

14. The lungs are elastic, whether alive or dead. I )uring 
Ir/e the air which they contain may be further affected by 
the contractility of the muscular walls of ttie bronchial 
tubes. If water is poured into the lungs of a recently- 
killed animal, and a series of electric shocks is then sent 
•ihrou^ the bronchial tubes, the latter contract, and the 
waters forced out. Lastly, during life a further source 
of motion in the bronchial tubes is provided by the cilitz 
—niiiiutc filaments attached to the epithelium of the tubes, 
which incessantly vibrate backwards and forwards, ajid 
work in such a manner as to sweep liquid and solid matters 
outwards, or towards the trachea. 

ifr^Tlie ribs arc attached to the spine, so as to be freely 
moveable upon it; but when left t() themselves they take 
a pcsitijpii which'' is inclined obliquely downwards and 
forwards.' 'Lwo sets of muscles, called intercQstah^ pass 
between the successive pairs of ribs on each side. The 
set, external inter cos iais (Fig. 21, y/), run from 

the rib above, obliquely downwards and forwards, to the 
rib below. The other set, internalinteix&stals (Fig. 2 r, B)^ 
cross these in tTirectiorij passing from the rib above, down- 
wardg and backwards, to the rib below. 

Thc^tf&cion of these muscles is somewhat puzzling at 
first, but is readily understood if the fact tlfat when a 
muscle contracts^ it temls to nuiki the distance between its 
two ends as short as possible^ be borne m mind. Let a 
and h in Fig. 33, A, be two parallel bars, moveable by 
their ends upon the upright c, which may be regarded as 
at the back of the apparatus, then a line directed from x 

1 purposely nejflegt the <;onsideratipn of the of the Tibs and 

^me other pointSi in order not to complicate the questicm unnece^TfUiTily. It 
may, however, he atated thne thoiic nbres of the internal i^iercoqtajti which 
are situate betwet^n the cattllagea act like the external, and raise the libs. 
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to y will bo incljncd downwards and forwards, and one 
irom w to ^ will he directed downwards and backwards. 
Now it is obvious that there is one posiLLOu of the rods, 
and ime only^ in which the points x and y are at the 
sliorLcfet possible distance, and one position only in whicli 
tlic points and 3 arc at the shortest possible distance ; 
and these arc, for x and j the position B, and for and - 



Kia 33 .“Diagram of IIodels jlgost sa riNc rfriin J^criON of i itis 
Kxf 'tfHNAC AJilJ iNTHRNAr IWTEECOSTAC MuStlLES^* 

13, in^piratury leva lion : C, expiratory depression. 

tlie position C. These positions are respectively si^jL^ 
that the points x\y^ and -s-, arc at the ends of straight 
lincB perpondiciiUir to both rods. • 

Tlius, to bring x and y into this posiliSn, the parallel 
rods A must move upAvai^ds ; and to bring tt/ and jynio 
ih they must move in the opposite way, 

If the simple apparatus just described be made of wood, 
hnoks bein^j placed at the points .r, _y, and -y and an 
elastic band, as long when left to itself as the shortest dis¬ 
tance between these points, be provided with t-yes which 
can be readily put on to or taken off these hooks : it will be 
found that when the bars are in the horizontal position, 
A, the elasticity ofihe band, when hooked on to ;irand y^ 
will bring them up into the position shown in Fig. 33 , M ; 
)vhile, if hooked on to tu and it will force them dowR 
into (he position shown in Fig. 22, C 



8S ELEMENTARY PHYSIOLOGY. [less. 

Substitute the contractility of the external and internal 
intercostal muscles for the elasticity of the band, and the 
latter will precisely exemplify thetf action ; and it is thus 
proved that the external intcrcostals must raise, and the 
.internal intercostals must depress, the bony ribs. 



Fig. ^ ^Thr DiAi^rfiiAGM of a Dog viewro from ok 

Abdominal Sidr. ^ 

KC./. _th«i TcnA cav» lafenor; the ccsopiiagiis; the aorta: the 
broad white tendinotis middle (^) h easily distniguifihcd from the radiating 
nuiscuUr fibres {A} whkh pass dews to the ribs and into the pfUlar^ (C hO) in 
front of the vertehrac. 

16. The diaphragm is a great partition situated between 
the thorax and the abdomen, and dft.-ays concave to the 
latter and convex to the former (Fig. i, /?). From its 
cuddle, which is tendinous, muscular fibres ^tend down¬ 
wards and outwards to the ribs/ and two^ esp^ially 
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strong masses, which are called the pillars qfi the dia¬ 
phragm^ to the spinal column (Fig, 23), When these 
muscular fibres contr 5 .ct, therefore, they tend to make the 
diaphragm flatter, and to increase the capacity of the 
thorax at the expense of that of the abdomen, by pulliwg 
down the bottom of the thoracic box (Fig. 24, A). 

17. Let us now consider what would be the result of 
the action of the parts of the respiratory apparatus, which 
have been described, if the diaplragm alone should begin 
to conti act at regular intervals. 

\%en it contracts it increases the vertical dimensidns 
of the thoracic cavity, and tends to pull away the lining of 
the bottom of the thoracic box froin that which covers the 
bases of the lungs ; but the air ifhtnediately rushing in at 
the trachea, proportionately increases the distension (rf 
the lungs, and prevents the formation of any vacflttin be¬ 
tween the two pleurae of either lung in this region. When 
the diaphragm ceases to contract, so much of the elasticity 
of the lungs as was neutralized by the contraction of the 
diaphragm, comes into play, and the extra air taken in is 
driven out again. We have, in short, an Inspiraiion and 
an Expiration, • 

Suppose on the other hand that," the diaphragm being 
cfuiesccnt, the external intercostal inusCles contract. The 
rtbs will be raised from their oblique position, the antero¬ 
posterior dimensions of the thoracic cavity will be in¬ 
creased, and the lungs will be distenefed tas before 
balance the enlargement. If now the external intercoSSls 
i clax, the action of gravity upon the ribsf thfc elasticity of 
the cartilages and more especially that m the lungs, will 
.along suffice to bring back the ribs to their pTeviou|j,posi- 
ti(>ns and to drive out the extra air ; but thisjit^?piratory 
action may be greatly aided by the contraction of the in¬ 
ternal int|;rcost^s. 

iti. Thus it appears that we may have either dtaphrag- 
mafic respiratioHy or costal respiration. As a general nile,, 
however, not only do the two fonns of respiration coincide 
and aid one an^er—the contraction of the diaphragm 
taking place at tile same time with that of the external 
jntercostals, and its relaxation with the contraction of*the 
internal inlercostals—but sundry other accessory agenefes 
come into play. Thus, the muscles^ which connect the. 
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ribs with parts of the spine above them, and with the 
shoulder, may, more or less extensively, assist inspiration ; 
while those which connect the rib^i and breastbone with 
the pelvis, and form the front and side walls of the abdo- 
tjicn, are powerful aids to expiration, In fact they assist 
expiration in two ways ; first, directly, by puUinjj down the 
ribs; and next, indirectly, by pressing; the viscera of the 
abdomen upwards against the under surface of the dia¬ 
phragm, and so driving*he floor of the thorax upwards. 

It is for this reason that, whenever a violent expiratory 
effort is made, the walls of the abdomen arc obviously 
flattened and driven towards the spine, the body being at 
the same time bent forwards,. 

J[n taking a deep inspiration, on the other hand, the 
vails of the abdomen are relaxed and become convex, the 
viscccd' being driven against them by the descent of the 
diaphragm—^the spine is straightened, the head thrown 
back, and the shoulder outwards, so as to afford the 
greatest mechanical advantage to all the muscles which 
can elevate the ribs* 

tg* It is a 1*0markable circumstance that the mechanism 
of r«S(pkation is somewhat different in the two sexes* In 
men, the diaphragm lakes the larger share in the process, 
the upper ribs moving comparatively little ; in women, the 
reverse fe the case, the respiratory act being more largely 
the result of the movement of the ribs;, 

i&a dfeep and prolonged inspiration* “ ” 

IS more rapid inspiratory act, in which the mouth is kept 
^hut, and tht ar made to pass through the nose. 

Coughing is fA violent expiratory act* A deep inspira¬ 
tion being first taken, the glottis is closed and then^buist 
o^iTbjsy^e violent compression of the air confined in 
tne lungs by the contraction of the expiratory muscles, 
the diaphragm being relaxed and the air drivg^ through 
the mouth. In the contrary, the cavity of the 

mouth being shutoff from the pharynx by the approxima¬ 
tion of the soft palate and the base of the tongue, the air 
is forced through the’nasal passages. 

20, It thus appears'that the thoraxPithe lungs, and the 
trachea constitute a sort of bellows without a valve, in 
which the thorax and the lungs represent the body of the 
bellows, while the trachea is the pipe j and the effett of 



IV.] RESIDUAL AIR. 91 

(he respinitory movements is just the same as that of 
the approximation and separation of the handles of the 
hcllowsj whicli drive ofit and draw in the air through 
the pipe* There is, htiwevefy one difference between the 
bellows and the respiratory apparatus, of great iin^^ 
port^ince in the theory of respiratioOf though frotjuently 
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inspiration; B, expiration. Tr, trachea \ Si sternum: B. diaphraKin; 
abdomifLat walls. The shading roughly indicates tho stationary air 

overlooked ; and that is, that the sides of the bellows can 
l)e brought close together so as to force out all, or nearly 
all, the air which they contain ; while the walls of the 
chest, when appro:fitiiated as much as possible, still enclose 
a very considerable cavity {Fig- 24, B ); so that, even 
after the ipost violent expiratory effort, a very laf^ 
quaijtity of air is left in the lungs,' 
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The amount of this air which cannot be got rid of, and 
is called Residual air^ is, on the average, from 7$ to loo 
cubic inches. ^ 

About as much more in addition to this remains in 
the chest after an ordinary expiration, and is called 
Supplemental ntK 

In ordinary breathing, 20 to 50 cubic inches of what is 
conveniently called Tidal air pass in and out It follows 
that, after an ordinary^inspiration, 100 + 100 -j- 30 = 230 
cubic inches, ma^ be contained in the lungs. By taking 
the deepest possible inspiration, another 100 cubic jnehes, 
called Complementai air^ may be added. 

21. It results from these data that the lungs, after an 
ordinary inspiration, contain about 230 cubic inches of 
air, and that only about one-seventh to one-eighth of this 
' nmgjint is breathed out and taken in again at the next 
inspiration. Apart from the circumstance, then, that the 
fresh air inspired has to hll the cavities of the hinder part 
of the mouth, and the trachea, and the bronchi, if the 
lungs were mere bags fixed to the ends of the bronchi, the 
inspired air would descend so far only as to occupy that 
oneJfjUftecnth to one-sixteonth part of each bag which 
was nearest to the bronchi, whence it would be driven out 
again at the nexf expiration. But as the bronchi branch 
out into a prodigious number of bronchial tubes, the 
inspired air can only penetrate for a certain distance 
along these, avd can never reach the air-cells at alL 
Mi^kThus the residual aifd supplemental air taken together 
are, under ^ordinary circumstances, stationmy^>\\2X is to 
*feay, the air <jpmprehended under these names merely 
shifts its outer limit in the bronchial tubes, as the chest 
dilates and contracts, without leaving the lungs; the tidal 
air, atWfe, being that which leaves the lungs amd is re¬ 
newed in ordinary respiration. 

It is obvious, therefore, that the business of^respiration 
is essentially transacted by the stationary air, which plays 
the part of a middleman between the two paities—the 
blood and the fresh tidal air—who desire to exchange 
their commodities, carbonic acid foi^^^xygen, and oxygen 
for carbonic acid, 

there is nothing interposed between the fresh tidal 
air and the stationary air* they are aerifonn fiuids, in 
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complete contact and continuity, and hence the exchange 
between them must take place according to the ordinary 
Uws of gaseous diffusioii. 

22. Thus, the stationary air in the air>cells gives up 
oxygen to the blood, and takes carbonic acid from it,, 
though the exact mode in which the change is effected is 
not thoroughly understood. By this process it becomes 
loaded with carbonic acid, and deficient in oxygen, 
though to what precise extent is &ot known. But there 
must be a very much greater excess of the one, and 
deficiev.cy of the other, than is exhibited by inspired air, 
seeing that the latter acquires its coiMOsition by diffusion 
in the short space of time (four to five seconds) during 
which it is in contact with the stationary air. 

In accordance with these facts, it is found that the air 
expired during the first half of an expiration contains 
less carbonic acid than that expired during the second 
half Further, when the frequency of respiration is in¬ 
creased without altering the volume of each inspiration, 
tliough the percentage of carbonic acid in each inspiration 
is diminished, it is not diminished in the same ratio as 
tliat in which the number of inspirations incrcases,;-H^d 
hence more carbonic acid is got rid of in a given time* 

Thus, if the number of inspirations per minute^ is in¬ 
creased from fifteen to thirty, the percentage of carbonic 
acid evolved in the second case- remains more than half 
of what it was in the first case,^ and heitce, the total 
evolution is greater* * 

23. Of the various mechanical aids to tfee respiratory 
pro:;ess, the nature and workings of which kave now been 
described, one, the elasticity of the lungs, is of the nature 
of a ddad, constant forces The action of the re^S^cf^fhe 
apparatus is under the control of the nervous system, and 
varies from pme to time. 

As the nasal passages cannot be closed fey their own 
action, air has ^ways free access to the pharynx ; but 
the glottis, or entrance to the windpipe, is completely 
under the control of the nervous system—the smallest 
irntation about thev^inucous membrane in its neighbour¬ 
hood being conveyed, by its nerves, to that pait of th2 
ccrebro-spini^l axis which is called the nudulla oblongata'^ 
fsee Reason XL 5 16), The medulla oblongata, thus 
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stimulated, gives rise, by a process which will be explained 
Iiercafter, termed reflex- action^ to the contraction of the 
muscles which close the glottis, and commonly, at the 
same time, to a violent contraction of die expiratory 
muscles, producing a cough (see § 19)* 

The muscular fibres of the smaller bronchial tubes, no 
less than the respiratory pump itself, formed by the waits 
and floor of the thorax, are under the complete control 
of the nerves which* supply the muscles, and which 
are brought into action in consequence of impressions 
conveyed to that part of tlie brain which iil' called 
the medulla oblongata, by the pneu my gastric and other 
nerves* 

24 From what has been said, it is obvious that there 
are many analogies between the circulatory and the 
respktatory apparatus. Each consists, essentially, of a 
,kind of pump which distributes a fluid (aeriform in the 
one case, liquid in the other) through a series of ramified 
distributing tubes to a system of cavities (capillaries or 
air-cells), tiie volume of the contents of which is greater 
than that of the tubes. 

■“fciiieach, the pump is the cause of the motion of the 
fluid, tlioagb that “motion may be regulated, locally, by 
the cqntraction', or relaxation, of the muscular fibres 
contained in the walls of the distributing lubes. But, 
while the rhythmic movement of the heart chiefly depends 
upon a iiervoifs apparatus placed within itself, that of the 
r&piratory apparatus results mainly from the operation ol 
a nervous Centre lodged in the medulla oblongata, 

as* As theAi are certain secondary phenomena which 
accompany, and are explained by, the action of thn heart, 
so Cho?o are secondary phenomena which are^imllarly 
related to the working of the respiratory apparatus. 
These are—(rt) the respiratory sounds, and (^) tne effect 
of the inspiratory and expiratory movements upon the 
circulation. 

26; The respiratory sounds or murmurs are audible 
when the ear is applied to any par^f the chest which 
covtrs one or other of the lungs. They accompany 
ivls^ation' and expiration, and very much resemble the 
'sounds produced by breathing through the mouth, when 
' the lips are so applied together as to leave a «small 
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intciva)- Over the bronchi the sounds are louder than 
o/cr the general surface* It would appear that these 
sounds are produced by the motion of the air along the 
uir-passages, 

27, In consequence of the elasticity of the lungs, » 
certain force must be expended in distending them, and 
this force is found experimentally to become greater and 
greater the more the lung is distended ; just as, in stretch¬ 
ing a piece of india-rubber, mo^e force is recjttired to 
stretch it a good deal than is needed to stretch it only a 
little* » Hence, when inspiration takes place, and the lun^ 
are distended with air, the heart and the great vessels in 
ihc chest are subjected to a less pressure than are the 
blood-vessels of the rest of the body. 

For the pressure of the air contained in the lungs is- 
cxHCtly the snme as that exerted by the atmospher^ipon 
the surface of the body ; that is to say, fifteen pounds on 
the square inch* But a certain amount of this pressure 
exerted by the air in the lungs is counterbalanced by the 
elasticity of the distended lungs> Say that in a given 
condition of inspiration a pound pressure on the square 
inch is needed to overcome this elasticity, then the<'^^ill 
be only fourteen pounds pressure on every square inch 
of the heart and great ^■'essels. And ht*bce the jjyessurc 
on the blood in these vessels will bs one pound per square 
inch less than that on the veins and arteries on the rest of 
the body. If there were no aoj-tic, or puliftonary, valves, 
and if the composition of the vessels, and the pressu"re 
upon the blood in them, were everywhere•thtf same^ the 
result of this excess of pressure on the sulface would be, 
to drive all the blootl from the arteries and veins of the 
rest orthe body into the heart and great vessels c^ttained 
in the thorax. And thus the diminution of the pressure 
upon the tljpracic blood cavities produced by inspiration, 
would, practically, suck the blood from all parts of the 
body towards the thorax. But the suction thus exerted, 
while it hastened the flow of blood to the heart in the 
^’'eins, would equally oppose the flow from the heart to the 
arteries, and the effects would balance one another* 

As a matter of fact, however, we know— • 

(1*) That *the blood in the great arteries is constant!/ 
undeg a very considerable pressure, exerted by their 
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clastic walls; while that of the veins h under tittle 
pressure, 

(2.) That the walls of the arteries are strong and re¬ 
sisting, while those of the veins are weak and flabby, 

{3,) That the veins have valves opening towards the 
hca/t; and thatj during the diastole, there is no resistance 
of any moment to the free passage of blood into the heart; 
while, on the other hand, the cavity of the arteries is shut 
off from that of the ventricle during the diastole, by the 
closure of the semilunar valves. 

'Hence it follows that equal pressures applied to the 
surface of the veins and to that of the arteries must pro¬ 
duce very different effects. In the veins the pressure is 
something which did not exist before; and, partly from 
:he presence.of valves, partly from the absence of re- 
si staffJfc in the heart, partly from the presence of resistance 
in the capillaries, it all tends to accelerate the flow of blood 
towards the heart. In the arteries, on the other hand, the 
pressure is only a fractional addition to that which existed 
oefore ; so that, during the systole, it only makes a com¬ 
paratively small addition to the resistance which has to 
be Oi'wcome by the ^ventricle ; and during the diastole, it 
superadds itself to the elasticity of the arterial walls in 
driving ^he blood onwavds towards the capillaries, inas¬ 
much as all progress in the opposite direction is stopped 
by the semilunar valves, 

, It is, therefore, clear that the inspiratory movement, on 
whole, helps the heart, inasmuch as its general result 
IS to drive the blood the way that the heart propels it. 

'28. In expiradon, the difference between the pressure of 
the atmosphere on the surface, and that which it exerts 
on the tents of the thorax through the lungs,’becomes 
less and less in proportion to the completeness of the ex¬ 
piration, Whenever, by the ascent of the diaphragm and 
the descent of the ribs, the cavity of the thorax is so far 
diminished that pressure is exerted on the great vessels, 
the veins, owing to the thinness of their walls, are es- 
pec'ally affected, and a check is given to the flow of blood 
m them, which may become visible venous pulse in 

th« great vessels of the neck. In its effect on the arterial 
■ A'unks, expiration, like inspiration, is, on the whole,favour¬ 
able to the circulation; the increased resistance tc^ the 
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opening of the valves during the ventricular systole being 
rnore than balanced by the advantage gained in the addi¬ 
tion of the expiratory pressure to the elastic reaction of 
the arterial walls during the diastole* 

When the skull of a living animal is laid open and the* 
brain exposed, the cerebral substance is seen to rise and 
fall synchronously with the respiratory movements; the 
rise corresponding with expiration, and being caused by 
the obstruction thereby offered to tfie flow of the blood in 
the veins of the head and neck, 

29, Hitherto, I have supposed the air-passages to be 

freely open during the inspiratory and expiratory move- 
jnents. But if, the lungs being distended, the mouth and 
nose arc closed, and a strong expiratory effort is tlicn 
made, the hearths action may be stopped altogether.^ And ■ 
the same result occurs if, the lungs being j^artially emjjhed, 
and the nose and mouth closed, a strong inspiratory effort 
is made. In the latter case the excessive distension of 
the right side of the heart, in consequence of the flow of 
blood into it, may be the cause of the arrest of the hearths 
action; but in the former, the reason of the stoppage is 
not very clear, , * •' * 

30. The activity of the respiratory process is greatly 
modified by the circumstances m which thb body is placed. 
Thus, cold greatly increases the quantity of air wliich is 
breathed, the quantity of oxygen absorbed, and of carbonic 
acid expelled \ exercise and the taking of foSd have a cor¬ 
responding effect. 

In proportion to the weight of the body, 4 he“activity of 
the respiratory process is far greatest in Children, and 
dinrfinjs^cs gradually with age, 

The excretion of carbonic acid is greatest duitiig the 
day, and gradually sinks at night, attaining its minimum 
about midn^ht, or a little after* 

Kecent observations appear to show that the rule that 
the quantity of oxygen taken in by respiration is, approxi¬ 
mately, equal to that given out by expiration, only holds 
good for the total result of twenty-four hours' respiration. 
Much more oxygen'^ppears to be given out during the 
day-time (in combination with carbon as carbonic acid^ 
than is absorbed; while, at night, much more oxygen is * 

* TlieHi U danger tn attempting tlii^ experiment 

H 
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absorbed than is excreted as carbonic acid during the 
same period. And it is very probable that the deficiency 
of o>iy^en towards the end of th^ waking hours, which is 
tliMS jjroduccd^ is one cause of the sense of fatigue which 
coincs on at that time. This difference between day and 
night Is, hnwcvcrj not constant, and appears to depend a 
good deal on the time when food is taken. 

I’hc quantity of o^tygen which disappears in proportion 
to the carbonic acid ^iVen out, is greatest in carnivorous, 
least in herbivorous animals -greater in a man living on 
a flesh diet, than wlicn the same man is feeding do vegc- 
taljle matters. 

31, When a man is strangled, drowned* or choked, or 
is, in any other way, prevented from inspiring or expiring 
sufficiently pure atmosplienc air, what is called tfs^hyxlf 
conges on. He grows ^Mjlack in the face ; ” the veins be¬ 
come turgid ; insensibility, not unfrequontly accompanied 
by convulsive movements, sets in, and he is dead in a few 
minutes. 

But, in this asphyxiating process, two deadly influences 
of a distinct nature are co-operating; one is the depriva- 
titnnff axyt^en.^ thcf other is the excessive accumulatiot^ 
carbonic acid in tbe blood. Oxygen starvation and car¬ 
bonic ^cid poisoning, each of wliich may be fatal in itself 
are at work together. 

The effects of oxygen starvation may be studied sepa- 
jjitely, by placing a small animal under the receiver of an 
atr-puiTi[i anti exhausting the air ; or by replacing the air 
by a stream erf hydrogen or nitrogen gas. In these cases 
no accumuUifton of carbonic acid is permitted, but, on 
th^, other hand, the supply of oxygen soon becomes 
insufficient, and the animal quickly dies. ’1\nd if tlie 
experiment be mad^ in another way, by placing a small 
mammal, or bird, in air from which the cartonic acid is 
removed as soon as it is formed, the animal will never¬ 
theless die as soon as the aranuint of oxygen is reduced to 
10 per cent, or thereabouts. 

The directly poisonous effect qf carbonic acid, on 
the other hand, has l>con very muth exaggerated. A 
>erY large quantity of pure carbonic acid (10 to 15 or 
^ lO'per cent.) maybe contained in air, without producing 
..Any very' serious immediate effect, if the quantity 
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oxygen be simultaneously increased. And it is*possible 
that what appear to be the directly poisonous effects of 
carbonic acid may really arise from its taking up the room 
tliat ought to be occupied by oxygen. If this be the case, 
carbonic acid is a negative rather than a positive poison. * 

Whichever may be the more potent agency, the effect 
of die two, as combined in asphyxia, is to produce an 
obsuucdon, firstly, in the pulmonary circuladon, and, 
secondly, in the veins of the bod^ generally. The lungs 
and the right side of the heart, consequently, becon^c 
gorged with blood, while the arteries and left side of the 
heait gradually empty themselves of fhc small supply of 
dark and unacrated blood which they receive. The heart 
becomes paralysed, partly by reason of the distension of 
its right side, but chiefly from being supplied with v^ous*' 
blotjd ; and all the organs of the body gradually cease 
to act. 

32, Sulphuretted hydrogen, so well known by its offen¬ 
sive smdl, ha^ long had the repute of being a positive 
poison. But its evil effects appear to arise chiefly, if not 
wholly, from the circumstance that its hydrogen combjjnes 
with the oxvgcn carried by the blnod-torpuscics, aAcl thus 
gives rise, indirectly, to a form of oxygep starvation* 

Carbonic oxide gas has a much more serious effect, as 
it turns out the oxygen from the blood-corpuscles, and 
forms a combination of its own with th<i IiEcmoglobin- 
I'lie compound thus formed is only very gradually decoi^' 
posed by fresh oxygen, so that if any large proportion of 
the blood-corpusclcs l>e thus rendered uselfiss, the animal 
<iics before restoration can be effected. 

Badly made common gas sometimes contains 20 to 30 
per cent, of carbonic oxide; and, under these circum¬ 
stances, a leakage of the pipes in ^ lioiise may be ex¬ 
tremely peijAous to life, 

33. 1l is not necessary, Imw'evev, absolutely to strangle, 
or drown, a man, in order to asphyxiate him. As, other 
things Ix'ing alike, the rapidity of diffusion between two 
gaseous mixtures depends on the difference of the pro¬ 
portions in which tffeir constituents are mixed, it follows 
that the more nearly the composition of the tidal 
approaches that of the stationary air, the slower will be 
the cMffusion of carbonic acid outwards and of oxvgen 
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inwards,-and the more chal'^Tcd with carbonic acid and 
defective in oxygen will the air in the air-cells become. 
And, on diminishing the proportion of oxygen or increasing 
the proportion of carbonic acid in the tidal air, a poin,, 
ivill at length be reached when the change effected in 
the stationary air is too slight to enable it to relieve the 
pnlmonary blood of its carbonic acid, and to supply it 
with oxygen to the extent required for its artonalization. 
In this case the blood, ^vhich passes into the aorta, and is 
thence distributed to the heart and the body generally, 
being venous, all the symptoms of insensibility, loss ul 
muscular power, and the like, which have been enume¬ 
rated above as the results of supplying the brain and 
muscles with venous blood, will follow, and a stage of 
^suffocation, or asphyxia, will supervene. 

34?^ Asphyxia takes place whenever the proportion of 
carbpnic acid in tidal atr reaches lo per cent, (the oxygen 
being diminished in like proportion^ And it makes no 
difference whether this condition of the tidal air is brought 
about by shutting out fresh air, or by augmenting the 
number of persons who are consuming the same air; or 
by* 5 tiffering combustion, in any shape, to carry off oxygen 
from the air. 

But t?ie deprivation of oxygen, and the accumulation of 
carbonic acid, cause injury, long before the asphyxiating 
point is reachtjd. Uneasiness and lieadaclic arise when 
than oi^e per cent, of the oxygen of the air is replaced 
bjr other matters ; while the persistent breathing of such 
air tends tb lower all kinds of vital energy, and predis¬ 
poses to disease. 

^cncc the necessity of sufficient air and of ventilation 
for every human being. To be supplied with Respiratory 
air in a fair state of purity, every man ought to have at 
least Soo cubic feet of spaceto himself, aruitjthat space 
ought to be freely accessible, by direct or indirect chan¬ 
nels, to the atmosphere. 

* A cubical room nine feet high, wide and long, contjiins only cubic 
feet of flir. 
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LESSON V. 


THE OF LOSS' AND OF GAIN TO THE BLOOD. 


1, Thk blood which has been aerated, or arlerMizodj 

by the process described in the preceding Lesson, is 
carried from the lungs by the pulmonary veins to the left 
auricle, and is then forced by the auricle into the ven¬ 
tricle, and by the ventricle into the aorta. As that great 
vessel traverses tlie thorax, it gives off several large 
arteries, by means of which blood is distributed t#*the 
head, the amis, an’d the walls of the body. Passing 
through the diaphragm (Eig, 23), the amtic trunk enters 
the cavity of the abdomen, and becomes what Ts called 
the abiiomiual aorta^ from which vessels arc given off to 
the viscera of the abdomen. Finally, life ijiain stream 
of blood flows into the iliac arteries, whence the viscera 
of the pelvis and the legs are supplied, , * 

Having traversed the ultimate ramiftcations of the 
arteries, tlie blood, as we have seen, enters the capillaries. 
ncre*thc products of the waste of the tissues consfently 
pour into it; and, as the blood is everywhere full of cor¬ 
puscles, \^ich, like all other living things, decay and die, 
the results of their decomposition everywhere accumu¬ 
late in it. It follows that, if the blood is to be kept 
pure, the waste matters thus incessantly poured into, or 
generated in it, must be as constantly got rid. of, or 
excreted. ♦ 

2. Three distinct sets of organs are especially charged 
with this office of continually excreting carbonic ad^, 
watjr, and urea. They are the Lungs^ the Kidneys^ and 
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the Ekin (hee Lesson L J 23;. I'liese three great organs 
may therefore be regarded as so m:it\y drains from the 
blood—as so many channels by vliich it is constantly 
losing substance, 

, Further, the bloody as it passes through tlic capillaries^ 
is constantly losing matter by exudation into the sur¬ 
rounding tissues. 

Another kind of loss takes place from the surface of 
the body generally, and from the interior of the air- 
passages and lungs. Heat is constantly l>elng given off 
from the former by radiation, evaporation, and conduc¬ 
tion : from the latter, chiefly by evaporation, 

3, The blood which enters the liver is constantly losing 
material to that organ; but^the loss is only temporary, 
*as almost all the matter converted into sugar and 
into tile, re-enters the current of the circulation in the 
liver itself, or elsewhere, 

Again^ the loss of matter by the lungs in expiration is 
partially made good by the no less constant gain which 
results from the quantity of oxygen absorbed at each in¬ 
spiration ; while the combustion which is carried on in 
the*'nS6ues, by means of this oxygen, is the source not 
only of the heat which is given off through the lungs, but 
also of that which* is carried away from the general surface 
of the bSdy. And the loss by exudation from the capil¬ 
laries is, in some degree, compensated by the gain from 
^he lymphat'cs^ind ductless glands, 

^ 4, In the instances just mentioned the loss and gain 
are constant, anjd go on while life and health last. But 
there are certaii* other operations which cause either loss 
or gain to the blood, and which arc not continuous, but 
take ^lacc at intervals* » 

These arc, on the side of loss, the actions of the 
jnxny secretory j(iaHdx^ which separate certain kpbstances 
fram the blood at recurrent periods, in the intervals of 
which they are quiescent 

On the side of gain are the contractions of the 7 nuscles^ 
which, during their activity, cause a great quantity of 
w^te materials to appear in the blooll'; and the opera¬ 
tions of the alimentary canal^ which, for a certain period 
;a¥^er food has been taken, pour new materials into the 
blood, • 
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Undiir some uivcumbtancts, the skin, by absorbing 
tiaids, may become a source of gainn 

5* The sources of lo«s and gain to the blood may be 
convcniciidy arranged in the following tabular form r — 

A. IE^CESSANTLY ACTIVE SOURCES OF LoSS OK 

Gain to the Bi-ooix^ 

a. Sources of loss* 

L Loss of emitter. 

1. The lungs (carbonic acid, water). 

2 . The kidneys (urea, water, galmcs). 

3. The skin (water^ carbonic ucid), 

4. The liver (bile, glyc^eo}* 

5. The tissues generally (constructive material), 

li* Loss 0/ heat, 

1, 'Jlie free surfaces of the body. 

Sources of gain. 

L Gain of matUr, 

j. The lungs ("oxygen)* 

2, The liver (sugar, &c.). 

3. The lymphatics (corpufuries, lymph). 

4. The tissues generally (waste matters), 

5- The spleen and other ducllesa glands, 

11 . Gain of JmiL 

I. The blood itself uud the tissues generally, 

B, iNTERMnTJiNTLY ACTIVE SOURCES'OF* LOSS OR 

Gain to Tf^E 13 loo u. * 

a. Source of loss. 

I* M^iy secretiug ghnds (secretions). 

b. Sources of gain, 

1. The muscles (waste matters), 

2. The alimentary canal (food some const)tuenls of 

the bile), 

3. The skin fkbsorption of liquids occasionally). 

I 

‘ The leamcr must bccai*eful not to eonfound the looses and bf tRe 

blood the losses attd gaiiiA of thcAw^a^a whole. The two differ Jr* 
much snme way a^ the internal comoicrce of a cotintry differs froaa 
export and import trade. 
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6. In tile preceding Lesson 1 have described the ope¬ 
ration liy which the lungs withdraw from the blood much 
carbonic acid and water, and supply oxygen to the blood ; 
I now proceed to the second source of continual loss, the 
, Kidneys. 

Of these organs, there arc two, placed at the back of the 
abdominal cavity, one on each side of the lumbar region 
of the spine. Each, though somewhat larger than the 
kidney of a sheep, hasusiirtilar sliapc. The depressed, or 
concave, side of the kidney is turned inwards, or towards 
the spine; and its convex side is directed outwards (Fig. 
25). From the middle of the concave side (called the 
hilus) of each kidney, a long tube with a small bore, the 
Ureter proceeds to the Bladder {BL). 
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kidneys {/T); \iretcTS (£/nl j with aorta \Ad\ ami vena cava 
ifliinfcriur ); and the renal arteries ajid vein«. Hi is the Liladdcr, the 

tofLof wHcK is cut oft so as to show the opomngs of the umervli, i) and 
that of the urethra (d). 1 
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The latter, situattid in the pelvis, is an oval bag, the 
walls of whicT contain abundant unstriped muscular fibre, 
while it is lined, infemallj^, by mucous membrane, and 
coated extcmujly by a layer of the peritoneum, or double 
bag of serous membrane which has exactly the same rela¬ 
tions to the cavity of abdomen and the viscera contained 
in them as the pleurae have to the thoracic cavity and the 
lungs. The ureters open side by side, but at some little 
distance from one another, on flie posterior and inferior 
wall of the bladder (Fig, 25, i, j). In front of them is a 
single aperture which leads into the canal called the OVy- 
ihra (Fig. zj, 2), by which the cavity of the bladder is 
placed in communication with the exterior of the body. 
The openings of the ureters enter the walls of the bladder 
obliquely, so that it is much more easy for the fluid to 
pass from the ureters into the bladder than for if to get 
the other way, from the bladder into the ureters. 

Mechanically speaking, there is little obstacle to the 
free flow of fluid from the ureters into the bladder, and 
from the bladder into the urethra, and so outwards; but 
certain muscular fibres arranged circularly around the 
part called the n(?ck of the bladder, where it joftft the 
urethra, constitute what is termed ^L^sphinettr^ and are 
usually, during life, in a state of contraction, so as to 
close tlie exit of the bladder, while the other muscular 
fibres of the organ arc relaxed. , 

It is only at intervals that this state tif matters is 
reversed ; and llie Avails of the bladder contracting, while 
its sphincter relaxes, its contents, tht urrnf, are dis¬ 
charged, But, though the expulsion of the secretion of 
the kidneys from the body is thus intermittent, the excre¬ 
tion itself is const:Allt, and the urinary fluid flows, drop by 
drop, frojp the opening of the ureters into the bladder, 
'Here it ^accumulates, until its quantity is sufficient to 
give rise to the uneasy sensations which compel its ex¬ 
pulsion, 

7* If he renal excretion has naturally an acid reaction, 
and consists chy^fly of nrca with some uric acid^ sundry^ 
other animal products of less importanccj including certain 
colouring rhatters, and saline and gaseous substanc^^all 
liejd in solution by a large quantity of ivater, 

I'hc Quantity and composition of the urine vary greatly ^ 
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according to the time of day; the temperature and moib- 
tvire of ilie air; tive fasting or replete condition of the 
alimentary canal; and the nature of^he food. 

Urea and uric acid are both composed of the elements 
carbon^ hydrogen, oxygen, and nitrogen ; but the urea is 
by far the more soluble in water, and greatly exceeds the 
uric acid in quantity. 

An average healthy man excretes by the kidnej^s about 
fifty ounces, or 24,000 grains of water a day. In this are 
dissolved 500 grains of urea, but not ihorc than 10 to 12 
grartns of uric acid. 

The amount of other animal matters, and of saline sub¬ 
stances, varies from one-third as much to nearlj' the same 
amount as the urea. The saline matters consist chiefly of 
common salt, phosphates and sulphates of potash, soda, 
lime, aftd magnesia. The gases arc the same as those m 
the blood,^-namely, carbonic acid, oxygon, and nitrogen. 
But the quantity is, proportionally, less than onc-third as 
great; and the carbonic acid is in very large, w'hilc the 
oxygen is in very small, amount. 

The average specific g^ravity does not differ very widely 
from^at of blood serum, being i'020, 

8. The excretion of nitrogenous waste and water, with 
a little carbonic acid, by the kidneys, is thus strictly com^ 
parable to that of carbonic acid and water, by the lungs, 
in the air-cclls of which carbonic arid and w*atcry vaixuirs 
arc incessant^ iccumulating, to be periodically expelled 
by the act of expiration. But the operation of the renal 
apparatus differs from that of the respiratory organs, in the 
far longer interwls between the expulsory acts; and still 
more in the circumstance that, while the substance ^hich 
the Iifrigs take into the body is as important Js those 
which they give out, the kidneys take in nothing; 

9, It wjU be observed that all the chief conswtugnls of 
the urine are already contained in the blood, and indeed, 
it might almost be said to be the blood devoid of its cor¬ 
puscles, fibrin, and albumin. Speaking broadly, it is such 
a fluid as might be separated from the blood by the help 

‘ qf any kind of filter which had the prdjierty of retaining 
these constituents^ and letting the rest flow off. The filter 
required is found m the kidney, with the minute structure 
of which it is now necessary to become acquainted, t 
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VVlieu a longitudinal section of a kidney is made (Fig. 
26), the upper end of the ureter {U) seems to widen out 
into a basiJi-like cavity {P)y which is called the pelvis of 
th kidney. Into this, sundry conical elevations, called 



Fig* a6 .—Ixjmgittjchnal Section of the Human" KiOifBV- 

Ctf the cortiCiiJ viibbUncc \ M, the mcdulleiry th« pelvis 

of the kldntiy ^ U, ihe ureter; cherefijiL artery. 

the Pyramids {Py^ project; and their summits present 
multitudes of minute openings—the tinal terminations oi 
the tubuH^ of which the thickness of the kidney is chiei^y 
made up, ilf the tubules be traced from their openings 
towards the outer surface, they arc found, at first, to lie 
parallel with one another in bundles, which radiate to¬ 
wards the surface, and subdivide as they go ; but at length 
they spread about irregularly, and become interlaced. 
From this circumstance, the middle, or medullary^ part 
(marrow, medulla) of the kidney looks different from the ^ 
superficial, or cortkal, part (bark, cortex) ; but, in additiori? 
the Qortical part is more abunchmtly supplied with vessels 
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than the lueduhary, and hence ha^s a darker aspect. The 
great majority of the tubules after a very devious course 
ultimately terminate in dilatations (b’ig, 28), which are 
called Malpighian capsules. Into the summit of each 
capsule, a small vessel (Figs. 28 and 2 % v.a), one of the ulti* 
mate branches of the remil artery (Fig. 26, enters; 

(driving the thin wall of tlie capsule before it), and iminc- 



Fit. 17.— DtACftAMMAiJc Vmw or- *rHR of tiik Tl'uuluis 

. [K TIIK KtDMEV. ^ 

cortical portion imiwerinj^ to Ct Jn Fi^. k bcin^r ctusc to tliti ^urfAce 
of the kidneys* j; raedullyiTy portion, p reacliiji]; to the bummk of 
the pyraiuid. ^ C 

IJC, opeiiitig of tubule on the pyramid, i/Iffy the ^traijitht por¬ 
tion of the tubules \V- fit the Livuted portion of the ; / the Mal- 

pighnui capmilc. 

diately breaks up into a bunch of looped capillaries, called 
^glomerulus (Fig. 28,^./), which nearly fills the cavity of 
the capsule* The blood is carried aw^y from thisglome^ 
rvdus by a small vein which docs not, at once, join 
with other veins into a larger venous trunk, but opens into 
the network of capillEtries (Fig, 29) which surrounds the 
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tubule, [bus ret>e:itijig the portal circulation on small 
scale. 



2 a —A Malpighian Caj^ule highly magnified. 

m, sitiAll bmneh of rtrnat Artery entenii;r the capSLilCf breaking up into the 
glomerulus, ^ 4 and finally joining again to form^the vein, tt.i*. 
r, the culitile : jr, the epitheliurn over th* glomemtus ; the epltheiium 
lining thr c.apsule. 


ii yri 



Fig. 2^ —CiftciiiiATroN in thk Kidney- 

ttf, small hranrh of renal artery giving off the branch which enters 
giomcruhis, issued as and then breaks up into capillaries, which Jfter 
snmtinding the tubule find their way by v into tjj, branch of the rdA 
YCTn I iM, capillaries nreiind tnluiles tn ports of the cortical substance wh*™ 
tndlc are no glornemlk 
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The tubule has an epithelial lining (Fig, zS, r, and Fig. 
continuous with that of the pelvis of the kidney, 
and the urinary passages generally. The epithelium is 
thick and plain enough in the tubule, but it becomes very 
delicate, or even disappeajs, in the capsule and on the 
glomerulus (Fig, 28, b). 

10. It is obvious from this description, that the surface 
of the glomerulus is, practically, free, or in direct commu¬ 
nication with the cxtcjjor by means of the cavity of the 

tubule ; and further, that, in each 
vessel of the glomeruiu^s, a thin 
stream of blood constantly flows, 
only separated from the cavity of 
the tubule by the very delicate 
membrane of which the wall oi 
the vessel is composed. Tho 
Malpighian capsule may, in fact, 

he regarded us a funnef, and the 
Fro. 30-—TaAN^VERsii Section membmnous walls of the glome- 

«.».C.n«U*r,uhu1.,surro..nd=d 

by thtlr epithelium. filtering-paper, into which the 

fi. A "Jood-vessel cut acros,>. blood is pourcd, 

11 , The blood which supplies the kidneys is brought 
directly from the aorta by the renal arteries, so that it has 
but shortly left the heart. The venous blood w-hich enters 
the heart, and is propelled to the lungs, charged with tlie 

^ nitrogenous, as well as with the other, products of waste, 
'loses only an inappreciable quantity of the former in its 
courcc through -ihe lungs ; so that the arterial blood which 
fills the aorta ii pure only as regards carbonaceous waste, 
while it is impure as regards urea and uric acid-* i 

In the healthy condition, the walls of the mirutc renal 
arteries and veins are relaxed, so that the passage of the 
blood is very free ; and but little waste, arisingTrom mus¬ 
cular contraction in the walls of these vessels, is thrown 
into the renal blood. And as the urine which is sepaj'ated 
from the renal blood contains proportionately less oxygen 
and more carbonic acid than the blood itself, any gain 
of carbonic acid from this source is'probably at once 
g)linterbalanced. Hcncc, so long as the kidney is per¬ 
forming its functions properly, the blood which leaves the 
organ by the renal vein is as bright scarlet as that which 
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enters it by the renal artery- Strictly speakin^j it is the 
purest blood in the body^ careful analysis having shown 
that it contains a seiwibly smaller quantity of urea and of 
ivaler than that of the left side of the heart. This differ¬ 
ence is, of course, a necessary result of the excretion 
the urinary Iluid from the blood as it travels through the 
kidney. 

As the renal veins pour their contents directly into the 
Inferior vena cava (see Fig- 2S)t^t follows that the blood 
in the upper part of this vein is so much the less itnpurei 
or venous, than that contained in the inferior vena cava, 
below the renal veins, 

13, Irritation of the nerves which supply the walls of 
the vessels of the kidney has the immediate effect of 
stopping the excretion of urine, and rendering the renal 
blood dark and venous. The first effect would ap(>ear to 
be explicable by the diminution of the pressure exerted 
upon the blood in the Malpighian tufts, in consequence 
of the diminution in the size of the channels—the smalt 
arteries -by which the blood reaches them. And the 
second effect is probably, in part, a secondary result of 
the first—tlie excretion of carbonic acid by the Tflrine 
ceasing with the suppression of that fluid ; while, to a 
large extent, it is also the result of apoifringin o^carbonic 
acid into the renal blood, in consequence of the work of 
the muscles of the small vessels, and t|ie waste which 
results therefrom- ^ • 

13- That the.F^V// is a source of contwiuaf loss-*# the 
blood may be proved in various ways. If the whole body 
of a man, orone of his limbs, be enclosed in a caoutchouc 
bag, Ml of air, it will be found that this air undergoes 
changes which are similar in kind to those which take 
place in thfc air which is inspired into the lungs* That is 
to say, the air loses oxygen and gains carbonic acid ; it 
also receives a great quantity of watery vapour, which 
condenses upon tlie sides of the bag, and may be drawn 
off l)y a properly disposed pipe* 

Under ordtnary^ircumstances no liquid water appears 
upon the surface of the integument, anif the whole procJfe^ 
receives the name of the insensible perspiration. But, 
wliqp violent exercise is taken, or under some kinds of 
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mental eijiotionj or when the body is exposed to a hot 
and moist atmosphere, the perspiration becomes sensibkj 
that is, appears in the form of scattered drops upon the 
surface. 

rixp The quantity of sweaty or sensible perspiration, and 
also the total amount of both sensible and insensible per¬ 
spiration, vary immensely, according to the temperature 
and other conditions of the air, and according to the state 
of the blood and of the oervous system. It is estimated 
that, as a general mle, the quantity of water excreted by 
thd skin is about double that given out by the lungs in the 
same time. The quantity of carbonic acid is not above 
jj^tli or of that excreted by the lungs j and it is 
not certain that in health any appreciable quantity of urea 
is given off. 

In it% normal state the sweat is acid, and contains fatty 
matters, even when obtained free from the fatty products 
of the sebacems glands. Ordinarily, perspiration, as it 
collects upon the skin, is mixed with the fatty secretion 
of these glands ; and, in addition, contains scales of the 
external layers of the epidermis, which are constantly 
beiiTii' shed. 

15, In analysing the process by which the perspiration 
is eliminated from the body, it must be recoUcctetl, in the 
first place, that the skin, even if there were no glandular 
structures connected with it, would be in the position of a 
^moderately thick, permeable membrane, interposed be¬ 
tween a hot fluid, the blood, and the atmosphere. Even 
in ho^'rClimates-ithe air is, usually, far from being com^ 
pletely saturated with watery vapour, and in temperate 
climates it ceases to be so saturated the momen^it comes 
into contact with the skin, the temperature of which is, 
ordinarily, twenty or thirty degrees above its own. 

A bladder exhibits no sensible pores, but if^filled with 
water and suspended in the air, the water will gradually 
ooze through the walls of the bladder, and disappear by 
evaporation- Now, in its relation to the blood, the skin 
is such a bladder full of hot fluid. 

Thus, perspiration to a certain amoufft must always be 
going on through the substance of the integument; but 
what the amount of this perspiration may be cannot be 
accurately ascertained, because a second and very impor- 
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tatit hOULce of tliu perspirauoji b to be fouiici in what arc 
called the sw€ai-gianih\ 

j 6. All over the body the integument presents minute 
apertures, the ends of cliannels excavated in the epidermis 
or scarf-skin, and each continuing tJic direction of 
minute tube, usually about aJ^ith of an inch in diameter, 
and y- C|uaiter of an inch long, which is imbedded in the 



Pit;, 31* 

A. Sectioa cf th« Akni shriwiiig the f^weat-^laDd^. a, the . ^1 

dueiier bytsi, the th« df;n!iiii< t*r Uue skin ; 

jt'", ih« coibJ end of a svicai-^tuid ; jiiduct: u|jLni[]g on thd^HPfac* 

of tho rjnHcrmis " • 

n, A section of tin? skin '^howinj; thu roobr of iht haiis und the sebuceou# 
mii'^ le the? h^^ir Kheiith^ on ihc left hiind. 

dermiE, Ejich tube is lined with an epithelium conti¬ 
nuous with tne epidermis (Fig, 32, c). I'he tube sometimes 
divides, but, whether single or branched, its inner end or 
ends are blind, and coiled up into a sort of knot, interlaced 
with a mesh work of capillaries (Fig, 31, and Fig, 33). 

The blood in these capillaries is therefore separated 
from the cavity of fhe sweat-gland only by the thin walls 
of the capillaries, that of the glandular tube, and its, 
epilheliuin, which, taken together, constitute but a very 
thin pellicle ; and the arrangement, though different in 
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Portion of more highly jnngnificd'-^on^wTiat diagnminjitlcp at 

Jpivrny opideirmi^ ; 3, softer Jayer^ r^it' ^ dermis : luwermo&t 

‘^erttcai layer of epidermic oelU; coil^i innng ihc sweat duct continuou* 
^ with epidermic celK j A, corkscrew canal of sv^eat duct To the right of tbs 
^eat duct the dermic is raised into a papilla, xti which the small an cry,/, 
breaks up into caplJlanee, oltimatefy forming the veins, o 
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detail, is sijnilar in principle to that which obtains in the 
kidney. In the latter, the vessel makes a coil within the 
Malpighian capsule, which ends a tubule. Here the 
perspiratory tubule coils about, and among, the vessels. 
In b<ith cases the same result is arrived at—namely, the^ 
exposure of the blood to a large, relatively free, surface, 
on to which certain of its contents transude* 



Coiled ci^ of a 'i^eat'gla.nd (Fig. epithelium not shown, rt, the coi' 

the mict; Cp iietwurk of capillaries^ iiii'^ide which the duct gland lies. 


The number of these glands varies in different parts of 
the body. They are fewest in the back and neck, where 
their number is not much more than 400 to a square inch. 
They arc more numerous on the skin of the palm and 
sole, where their apertures follow the ridges visible on the 
skin, and amount tfl between two and three tHotisand on 
the square inch. At a rough estimate, the whole integfi-^ 
ment probably possesses, not fewer than from two millions 
and quarter to two millions and a half of these tubule^ 
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wliicli Lherefare possess a very i^roat aggregate 

secreting power* 

17* The sweat-glands are greatly under the influence oh 
the nervous system* l"his is proved, not merely by the 
woU-known effects of mental emotion in sometimes sup¬ 
pressing the perspiration and sometimes causing it to be 
poured forth in immense abomlance, but has been made 
a matter of direct experiment. There are some animals, 
such as the horse, which perspire very freely. If the 
sympathetic nerve of one side, hi the neck of a horse, be 
cut, the same side of the head becomes injected with 
blood, and its temperature rises (see Lesson 11 . ^ 24); 
rind, simultaneously, sweat is poured out abundantly over 
the whole surface thus affected. On irritating that end oi 
the cut nerve which is in connection with the vessels, the 
muscular walls of the latter, to which the nerve is distri¬ 
buted, contract, the congestion ceases, and with it the 
perspiration. 

18. The amount of matter which may be lost by per¬ 
spiration, under certain circumstances, is very remarkable, 

and severe labour, combined, may reduce the weiglu 
01 a man two or three pounds in an hour, by means of the 
cutaneous perspiration alone ; and, as there is some rea¬ 
son to believe that the quantity of solid matter carried off 
from the blood does not diminish with the increase of the 
amount of the perspiration, the total amount of solids 
Avhich are "eliminated by profuse sweating may be con¬ 
siderable, , 

Ijic diffcreiiLe between blood which is coming from, 
and that whicn is going to, the skin, can only be con¬ 
cluded from the nature of the substances giveff 00^ in the 
perspiration ; but arterial blood is not rendered venous in 
the skin, 

19, It will now be instructive to compare together in 
more detail than has been done in the first Lcssoru 
(5 2:1), the three great organs—lungs, kidneys, and skim 
—which have been described. 

In ultimate anatomical analysis, c^ch of these Organs; 
consists of a moist animal membrane separating the blood 
-from the atmosphere. 

Water, carbonic acid, and solid matter pass out from 
the blood through the animal membrane in each organ. 
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and constitute its secretion or excretion ; but tbc three 
organs ditfer in the absolute and relative amounfs of the 
constituents the escape of which they permit 

l\ikcn by weight, water is the predominant excretion in 
ali three : most solid matter is given off by the kidneys ; 
most gaseous matter by tlic lungs* 

'Hie skin partakes of the nature of both lungs and 
kidneys, seeing that it absorbs oxygen and exhales car¬ 
bonic acid anti water, like the farmer, while it excretes 
organic and saline matter in solution, like the latter ; but 
the skin is more closely related to the kidneys than to the 
hmgs* Hence when the free action of the skin is inter¬ 
rupted, its work is usually thrown upon the kidneys, and 
i/ice In hot weather, when the excretion by the 

skin increases, that of the kidneys diminishes, and the 
reverse is observed in cold weather, 

I'his power of mutual substitution, however, only goes 
a little way; for if the'kidneys be extirpated, or their 
functions much interfered with, death ensues, however 
active the skin may be. And, on the other hand, if the 
skin be covered with an impenetrable varnish, the tem¬ 
perature of the body rapidly falls, and death takes 
though the lungs and kidneys remain active* 

20. 'rhe li 7 )€r is a constant source both of loss, and, in 
a sense, of gain, to the blood which passes throiigl! it. It 
gives rise to loss, because it sepamtes a peculiar fluid, the 
bile^ from the blood, and throws that fluid*in^p the intes¬ 
tine* It is also ill another way a source of loss because 
it elaborates from the blood passing through it «. subs^nce 
called glycoi^cn, wliich is stored up soni^imes 
sometimes in small, quantities in the cells of the liver* 
This latter loss, however, is only temporary, and may 
be sooner or later converted into a gain, for this glycogen 
very readily passes into sugar, and either in that form or 
in some other way is carried off by the blood* In this 
respect, therefore, there is a gain lo the blood of kind or 
quality though not of quantity of material* Finally, it 
is very probable that the liver is one source of the 
colourless corpuseks of the blood. 

The liver is the largest glandular organ in the botjy, 
ordinarily weighing about fifty or sixty ounces. It is ap 
bro^, dark, rcd-coloiirod organ, which lies on the right 
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Side of ^.he body, immediately below the diaphragm, with 
which its upper surface is in contact, while its lower sur 
face touches the intestines and the right kidney. 



Fra, 34 —The LiViSR tUwned up ani> vis^f-n from Below-. 

a* ven» cb,v» : v«Tia pOrt^; bile duet, df hepiatic artery, 4 
bidder. The tertniTiatioii of the liepatic vein m tile veni cava it not soen, 
being covert by the piece of the vetu cava^ 


The liver is invested by a coat of peritoneum, which, 
keeps it in place: It is flattened from above downwards, 
and colWex and smooth above, where it fits into the con¬ 
cavity of the lower surface of the diaphragm. Flat and 
iiregular beloV (Fig, 34), it is thick behind.^ but ends in a 
thin edge in front. 

Viewed from below, as in Fig, 54, the inferior vena cava^ 
fe'^seen to t'^Werse a notch in the hinder edge of the 
liver as it passes from the abdomen to the thtjrax. At b 
the trunk of the vena portos is observed dividing into the 
chief branches which enter into, and ramify through, the 
substance of the organ* At the hepatic artery^ coming 
almost directly from the aorta, similarly divides, enters 
the liver, and ramifies through it ; while at c is the single 
trunk of the duct, called the hematic duct^ which conveys 
away th!^^ bile brought to it by its right and left branches 
from th^’liver. ^ Opening into the heptUic duct is seen the 
duct of a large oval sac, /, xhegaiLbladder, The duct is 
•smaller than the artery, and the artery than the portal 
vein, » 
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If the branches of the artery, the portal vein, ^nd the 
bile duct be traced into the substance of the Jiver, they 
will be found to accorrfpany one another, and to branch 
out and subdivide, becoming smaller and smaller. At 



Fk. 

A section of part uf the liver to show H. r'., a branch of the hepatic rein, 
with the lobiiles nr acini of the liver, seated upon Ita wallg, an^ sending 
their intralobular veins iiiio it. 

length the portal vein and hepatic artery (Fig. 37^ V,F,) 
will be found to end in the capillaries, which traverse, like 
a network, the substance of the smallest obvious subdivh 
sions of the liver substance “polygonal masses of one- 
tenth of an inch tn diameter, or less, which are termed 
the lobuias. Every labuU is seated by its base upon <jne 
of the ramifications of a p^reat vein-“‘the htpatu vein— 
ard*the blood of the capillaries of the lobule is noiired 
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into that vein by a minute veinlet, called iniralobutitr 
(Fig. 37 , JiK), which traverses the centre of tlic lohuJc, 
and pierces its base. Thus the venous blood of the portal 
vein and the arterial blood of the hepatic artery reach fhv 
^surfaces of the lobules by the ultimate ramifications of 
that vein and artery^ become mixed in the capillaries of 
each lobule^ and are carried off by its intralobular vein- 
let, which pours 3 ts contents into one of the ramifications 
of the hepatic vein. These rajnifications, joining together, 
form larger and larger trunks, which at length reach the 
hinder margin of the liver^ and finally open into the vena 
cava inferior^ where it passes upwards in contact with 
that part of the organ. 

Thus the blood with which the liver is supplied is a 
mixture of arterial and venous blood ; the former brought 


by the hepatic artery directly from the aorta, the latter 
by the portal vein from the capillaries of the stoniacli, 
intestines, pancreas, and spleen. 

What ultimately becomes of the ramifications of the 
hepatic duct is not' certainly known. Lined by an 
epithelium, which is continuous with that of the main 
duct, and thence with that of the inttstincs, into which 
thf main duct opens, they may be traced to the very 
Surface of the lobules, 'fheir ultimate ramifications arc 
not yet thoroughly determined \ bu| recent investigations 
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Fig. 37. 

Ay Section of Mrtially injected liver ma^ified. The artificuil white Hue 
is introduced to mark the litnits of a lobtile. y.P". Branches of portal 
vein hreaking up into capUfane^p which run towards the centre of the 
lolAte, and join Ui f\ th#intralobular branch of the hepatic vein^ Tlic 
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tend to show that they communicate with minute passages 
left betwee^the hepatic cells, and traversing the lobule in 
the intervals left by the capillaries (Fig, 37, B.). How¬ 
ever this maybe, any fluid separated from the blood bv 
the lobules must really find its way into them. 

In the Jobules themselves all the meshes of the blood¬ 
vessels arc occupied by the liver cells. These arc many- 
sided, minute bodies, each aljout 

diameter, possessing A nucleus in its interior, and 
frequently having larger and sinalier granules of fatty 
matter distributed through its substance (Fig, 37, li). It 
is in the liver cells that the active powers of the liver arc 
supposed to reside. 

21. The nature of these active powers, so far as the, 
liver is a source of loss to the blood which traverses it, 
is determined by ascertaining— 

a. The character of that fluid, the bile, which in¬ 
cessantly flows down the biliary duct, and which, if 
digestion is not going on, and the ^jassage into the in¬ 
testine is closed, flows back into and hits the gall-bladder. 

b. The difference between the blood which enters the 
liTWr and that whichrleaves it. 

22. a* The total quantity of bile secreted in the twenty- 

four ho^irs varies', but probably amounts to not less than 
from two to three pounds. It is a golden yellow, slightly 
alkaline, fluid, extremely hitler taste, consisting of watef 
with from 17 per cent, to half that quantity, of solid 
matter in solution. The solids consist in the first place 
of ^^mewTiat complex substance wliich may be separated 
by crystallization, and has been called It is in 

reality a mixture of two acids, in combination^witli soda, 
one called j^iycoc/toUc, and consisting of carbon, hydrogen, 
nitrogen, and oxygen, the otherand containing 
in addition to the other elements a considerable quantity 
of sulphur. Besides the taurocholate and glycochoktc 
of soda, or bile salts as they are sometimes called, the bile 
contains a remarkable crystalline substance, very fatiy- 


of tlie liver cells are seen as a fine network of line* throughout the 
^holc lobule. 

Portion of lobule very highly magnifUd, a. liver cell with w, ntideui (two 
are often present); captllsmeB cut f, minute biliary passages 

between the cell^, injected with colouring matter ^ 
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lookingj b^^ not really of a fatty nature, called cholesUrin^ 
one or more peailiar colouring matters probably related 
to the hicmatin of tlicf blood, and certain saline matters, 
b. Of these cotistitncntsof the bile the water, the cholcS’ 
ter in, and the saline matters, alone, arc discoverable m 
the blood ; and, though doubtless sojiic differericc obtains 
between the blood whidi enters the liver and that which 
leaves it, in respect of the proportional quantity of these 
conslitucnts, great practical ditificulties he in the way of 
the jirecisc ascertainment of the amount of that difference. 
The blood of the hepatic vein, however, is certainly poorer 
111 water than that of the portal vein. 

33. As the essential constituents of bile, the bile acids 
. and the cohmring matter, are not discoverable in the blood 
which enters the liver; they must be formed at the expense 
of the tissue of that organ itself, or of some constituent of 
the blood passing through it. 


24, We must next consider the chief sources of constant 

gain lo the blood ; and, in the first place, ihe sources of 
f^aiH of mtittcr, , 

The lungs and shin are, as has been seen, two of the 
principal channels l>y which the body* loses liquid and 
gaseous matter, but they arc also the sole means which 
one of the most important of all substances for the main¬ 
tenance of life, is introduced inW tl]e blood. It 

liAn already been pointed out that the volume of the oxygen 
takw into the blood by the lungs is rather ffrc atsF t han 
that of ihe carbonic acid given out. ThS^bsoluteweiJ^ 
of oxygen thus absorbed may be estimated at io,OOD graina 
(see Lfsson Vb ^ 2). 

How much is taken in by the skin of man is not cer¬ 
tainly known, but in some of the lower animals, such as 
the frog, the skin plays a very important part in the per¬ 
formance of the rcbpiratory function, 

* 

25. Tlic blood leaving the liver by the hepatic vein not 
only contains proportionally less water and fibrin, but pro¬ 
portionally nmre corpuscles, especially colourless dbt 
puscles, and, what is still more important, under certain 
circumstances at least, a larger quantity of liver-sugar, or 
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glucose, t,fian tlmt brought to it by tho portal veins and 
hepntjc artcFy. 

That the blood leaving the liver should contain propor¬ 
tionally less water and more corpuscles than that entering 
it, is no more than might be expected from the fact that 
the formation of the bile, which is separated from this 
blood, necessarily involves a loss of water and nf some 
solid matters, while it docs not abstract any of the cor¬ 


puscles. 

We do not know why less fibrin separates from the blood 
of the hepatic vein than from the olood brought to the 
liver. But the reason why there may be more sugar in 
the blood leaving the liver than in that entering it; and 
why, in fact, there may be plenty of sugar in the blood tT 
the hepatic vein even when none whatever is brought to 
it by the hepatic artery, or portal vein, has been made out 
by careful and ingenious experimental research. 

26. If an animal be fed upon purely animal food, the 
blood of the portal vein will contain no sugar, none having 
been absorbed by the walls of the alimentary canal, nor 
will that of the hepatic artery contain any, or, at any rate, 
moA; than the meresi trace. Nevertheless, plenty may be 
found, at the same time, in the blood of the hepatic vein 
and in that of the vena cava, from the point at which it is 
.joined bj^ the hepatic vein, as far as the heart. 

Secondly, if, from an animal so fed, the liver be ex¬ 
tracted, and A current of cold water forced into the vena 


• perta^ it will flow out by the hepatic vein, carrying with it 
all tbfi^ood of organ, and will, after a time, comfc out 
colou^ss, andt devoid of sugar. Nevertheless, if the 
■Oiraan be left to itself at a moderate temperature* sugar 
Will soon again become abundant in it * 

Thirdly, from the liver, washed as above described, a 
substance maybe extracted, by appropriate methods, which 
Tcsenibks starch or dextrine, in chemical composition, 
' consisting as it does of carbon united with hydrogen and 
oxygen, the latter being in the same proportions as in 
water. This “ amyloid'^substance is the spoken 

of in 3 2 <x It may be dried and kejfi; for long periods 
without undergoing any change. 

*' But, like the vcgebible starch and dextrine, this animal 


amyloid, which mitat be formed in the liver, since it is*ccr* 
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tiiinly not contained citlier in the blood of the perlal vein, 
or in that of the hepatic artery, is very readily changed by 
contact with certain iflattersj which act as ferments, into 
sugar* 

Fourthly, it may be demonstrated that a ferment, corfi- 
potent to change the “ amyloid ” glycogen into saccharine 
exists under ordinary circumstances in the 
liver* ^ 

Putting all these circum^ances together, the following 
ex|)lanauon of the riddle of the appearance of sugar in (he 
blood of the hepatic vein and vena cava, when neither it, 
nor any compound out of which it is easily farmed, exists 
m the blood brought to the liver, appears to have much 
probability ; tliough it may possibly require modification, 
in some respects, hereafter. 

The liver forms glycogen out of the blood with which it 
is supplied. The same blood supplies the ferment which, 
at the temperature of the body, very speedily converts the 
comparatively little soluble glycogen into very soluble 
sugar; and this sugar is dissolved and Carried away by 
each intralobular vein to the hepatic vein, and thenje to 
lIic vena cava* * * 

'I'hough after death a very considerably quantity of sugar 
accumulates in the hepatic vein, the amount whi^, al any 
^iven momml^ can be detected during life is extremely 
small. This has led same physiologists towsupposethat, in 
health, glycogen is not converted into sugar, btit undergoes 
sonf^ other change* A very small quantity o^ sugar how¬ 
ever, so small as to almost escape deteotion, thrclWW*into 
the hepatic vein every instant, would amouftt to a consider' 
able q^tfintity in the twenty-four hours* 

This formation of glycogen in the liver goes on in the 
total absence of starch or sugar from the food. It must, 
therefore, in such eases be formed at the expense of proteid 
material (see Lesson VL). It appears, however, that the 
presence of starch or sugar in the food, though not essen^ 
tial, is very favourable to the production of glycogen in the 
liver. 

« 

27* The lymphatic system has been already mentioifed 
as a feeder of the blood with a fluid which, in general, ap¬ 
pears to be merely the superfluous drainage, as it were, of 
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the blood-vessels ; tliougli at intervals, as wc shall see, the 
lactcals make substantial additions of new matter. It is 
very probable that the multitudinous lymphatic glands 
may ctTect some change in the fluid which traverses them, 
o** may add to the number of corpuscles in the lymph. 

Nothing certain is known of the functions of certain 
bodies which are sometimes called ducttc&s glands, but 
have quite a diflerent structure from ordinary secreting 
glands ; and indeed do not resemble each other in struc¬ 
ture* These are, the thyroid gland, which lies hi the part 
of‘the throat below the larynx, and is that organ which, 
when enlarged by disease, gives rise to “ Derbyshire neck " 
or *^goftre;the thymus gland, situated at the base of the 
heart, largest in infants, and gradually disappearing in 
adult, or old, persons ; and the stepra-renal Capsules, which 
lie above the kidneys. 

28, We are as much in the dark respecting the office of 
the large viacus called tlie spleen^ which lies upon the left 
side of the stomach in the abdominal cavity (Fig. 38). It 
is an elongated flattened red body, abundantly supplied 
with blood by an artery called Liie splenic nrkry^ which 
prcKceds almost directly from the aorta. The blood which 
has traversed the spleen is collected by the splenic veiu^ 
and is carried by it to the vena porter^ and so to the 
liver, 

A section of the spleen shows h dark red spongy mass 
dotted over with minute whitish spots. Each of these last 
*is the section of one of the spheroidal bodies called cor- 
pusep^of tif€ spleen^ which arc scattered through itS^ sub' 
Stance, and conoist of a solid aggregation of minute bodies, 
like the white corpuscles of the blood, traversed by a ca¬ 
pillary network, which is fed by a small twig of ^^e splenic 
artery- The dark red part C5f the spleen, in which these 
corpuscles are embedded, is composed of fibrous and clastic 
tissue supporting a very spongy vascular network. 

The elasticity of the splenic tissue allows the organ 'o 
be readily distended, and enables it to return to its former 
size after distension, It^appcars to change its dimensions 
with the state of the abdominal viscera, attaining its 
lai^est size about six hours 'after a full meal, and falling 
to its minimum bulk six or seyen hours later, if no further 
supply of^food be taken. 
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The blood of the splenic vein is found to contain pro¬ 
portionally fovver red corpuscles, but more colourless cor¬ 
puscles and more fibrin, than that in the splenic artery \ 
and it has been supposed that the spleen is one of those 
parts of the econoniy in which the colourless corpuscles 
of the blood are especially produced* 





Thp 5 p](cen (5/0 “'hh ihc s^Wnic artery BeW this is seen the 

^picnic vein ninmnsto help tn Ebrni the vei^a portK(r.P.). ^< 7 * the aorta; 
p a ptlbr of the diaphragm : tlK* pancreatic duct exposed by dissection 

in the Mib<*lance of the pancTvfis: Dm. the duodenum : B.D the idliarv 
duct with the pancreatic rhict into ihc coincn<m dud, j iMu^h^ 

incestinoi vessels. ^ 

2C). It Jias been seen that is being constantly given 
off from the integument and from the air-passages ; and 
everything that passes from the body carries away with it, 
in like manner, a certain quantity of heat, Furthcnnore> 
the surface of the dody is much more exposed to cold than 
its interior. Nevertheless, the temperature of the body 
maintained very evenly, at all times and in all parts, 
Within the range of tvro degrees on either side of ooP 
Fahrenheit. 

This is the result of tliree conditions :—The 6rst, tlifi-t 
heat is constantly being generated in the body; the 
second, that it is as constantly being distributed through 
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the body ; the third, that it. is ‘ subject to incessant 
regulation* 

Heat is generated whenever oxidation takes place ; and 
hence, whenever proteid substances (sec Lesson. VL, § 4) 
or fats, or amyloidal matters, are being converted into the 
more highly oxidated waste products^- urea, carbonic acid, 
and water,—heat is necessarily evolved. But these pro¬ 
cesses are taking pla^ in all parts of the body by which 
vital activity is manifested ; and hence every capillary 
vpssel and every extravascular islet of tissue is really a 
small fireplace in which heat is being evolved, in propor¬ 
tion to the activity of the chemical changes which are 
going on* 

30* But as the vital activities of dilTerenl parts of the 
body, and of the whole body, at different times, arc very 
different; and as some parts of the body are so situated 
as to lose their heat by radiation and conduction much 
more easily than others, the tem[)erature of the body 
^would be very unequal in its different parts, and at different 
times, were it not for the arrangements by whicli the heat 
is distributed and regulated* 

'^A^atever oxidation occurs in any part, raises the tem¬ 
perature of the t)lood which is in that part at the lime to 
a propcrtional extent. But this blood is swiftly hurried 
away into other regions of the body, and rapidly gives up 
its increased temperature to them. On the other hand, 
the blood which by being carried to the vessels in the skin 
on the suj;facc of the body begins to have its temperature 
IotaWEaI by evaporation, &c., is hurried away before it has 
time to get thoroughly cooled into the deeper organs ; and 
in them it becomes warm by contact, as w^l by the 
oxidating processes in which it takes a part. Tims the 
^blood-vessels and their contents might be compared to a 
system of hot-watcr pipes, through which the warm water 
is kept constantly circulating by a pump; while it is heated, 
not by a great central boiler as usual, but by a multitude ot 
minute gas jets, disposed beneath the pipes, not evenly, but 
more here and fewer there. It is obvious that, however 
much greater might be the heat applied to one part of the 
system of pipes than to another, the general temperature 
of the water would be even throughout, if it were kept 
movinp'with sufficient quickness by the pump. 
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3T* If such n system were entirely composed closed 
pipcs^ the temperature of the water be raised to any 

extent by the gas jets* ■ On the other hand, it might be 
kept down to any required degree by causing a lai^er, or 
smallerj portion of the pipes to be wetted with water, which 
sliould be able to evaporate freely—as, for example, by 
wrapping them in wet cloths. And the greater the quantity 
of water lliiis evaporated, the loiyer would be the tem¬ 
perature of the w'liolc Jipparatus* 

Now, the regulatiou of the temperature of the human 
body is effected on this principle. The vessels are closed 
pipes, but a greater number of them are enclosed in the 
skin and in the mucous membrane of the air-passages, 
winch arc, in a physical sense, wet cloths freely exposed to 
the air. It is tlic evaporation from these which exercises 
a more important influence than any other condition upon 
the regulation of the temperature of the blood, and, conse¬ 
quently, of the btjdy. 

Hut, as a further nicety of adjustment, the wetness of 
the regulator is itself determined by the state of the small 
vessels, iiiasmiTch as exudation from these takes place 
more readily when the walls of the veins and arteries 
rclaxctl, and the blood distends them and the capillaries. 
Blit the condition of the walls of the vcs^la depet^a upon 
the nerves by which they arc supjjlicd j and it so happens 
that cold so affects these nerves in such tnanner as to 
give rise to contraction of the small vessels, while mode¬ 
rate warmth has the reverse effect. 

TlWhi the supply of blo{Hl to the surface*!s lcssciv#df'and 
loss of heat is thereby cheeked, when the'external tern- 
peratur<^ is low ; while, wdicn the external temperature is 
high, the supply of blood to the surface is increased, the 
fluid exuded from the vessels pours out by the sweat-glands,- 
and the evaporation of this fluid checks the rise in the 
temperature of the superficial blood* 

Hence it is that, so long as the surface of the body per¬ 
spires freely, and the air-pissngos arc abundantly moist, a 
man may remain with impunity, for a considerable time, 
in an oven in which meat is being cooked. The heat of 
the air is expended in converting this superabundant 
spiration into vapour, and the temperature of the man^s 
bTood*is hardly raised, 

K - ' 
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, Fig. 35-—a Diageam to illostratk the STHUcrtiRE of Glahtw. 

A. Typical stmcture of Lhe mucous membrane, an upper, and a lower, 
layer of cpkhellnni cells; the dermis with a blood-vessel^ ojid/, con- 
needve tnsue corpuscles. t 
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32» "llic chief intcrmiiUntiy active sources of Igss to the 
blood arc found amon^f the glands properj all of which are, 
in principle, narrow pcatches of the mucous membranes, or 
of the integument of the body, lined by a continuation of 
the cpithdiiiin, or of the epidermis. In the glands of Li^ 
berkithnif which exist in immense numbers m the walls of 
the small intestines, each gland is nothing more than a 
simple blind sac of the mucous membrane, shaped like a 
small Lest tube, with its closed entf outwards, and its open 
end on the inner surface of the intestine (Fig, 39, i)* The 
sweat-glands of the skin, as we have already seen, arc 
equally simple, blind, tube-like involutions of the integu¬ 
ment, the ends of which become coiled up. The sebaceous 
glands^ usually connected with the hair sacs, arc shorter, 
and their blind ends arc somewhat subdivided, so that the 
gland is divided into a narrow neck and a more dilated 
and sacculated end (Fig, 39, 3)* The neck by which the 
gland communicates with the free surface is called its 
dncL More complicated glands are produced by the elon¬ 
gation of ihe duct into a long tube, and the division and 
subdivision of the blind end into multitudes of similar 
lubes, each of which ends in a dilatation (Fig* 39, 6). Thtsc 
dilatations, attached to their branched ducts, somewhat 
resemble a bunch of grapes. Glands*of this J^:iud arc 
called racemose. The salivary glands and the panenas 
are such glands. , 

Now, many of these glands, such as the olivary, and 
the jrancreas (with the perspiratory, or sudoriparous glands, 
whiSi it has been convenient to consider already), are «nly 
nctivc when certain impressions on the Rervous system 
give to a particular condition of the gland, or of its 
vessels, or of both. 

Thus the sight or smell, or even llic thought of food, 
will cause a flow of saliva into the mouth ; the previously 

U- I'he saniCj wilh i.ai\y uiii; laytr oT celU, et nTEit d, Lhc ba-cjiUcd bnscmtnt 
JiicnibrEuic butween lhc epithdtuni, <f, .md deimU, f. 

] A simple tlihitlav ^l.'iiid. 

3h a tubular gland hi (id at its base. In this and succeeding figures the 
hjond-viisscris an: oinUtod. 

3 - A simple saendar 

A divided i^cciiJar ^lund, livitb n dnCt, it, 

5, A similar luti'e divided- 

Cl. A iticeiiiuice (itnnJ, part only Leiiig draivn. 

K 2 
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quiescent gland suddenly pouring out its fluid secretion, as 
a result of a change in the condition of the nervous system. 
And, in animals, the salivary glands«can be made to secrete 
abundantly, by irritating a nerve which supplies the gland 
and its vessels. How far this effect is the result of the 
mechanical influence of the neu'c on the state of the circu¬ 
lation, by widening the small arteries (see p. 51) and so 
supplying the gland with more blood, Jind how far it is the 
result of a more direct Ihfliioiiee of the nerve upon the state 
of the ti.ssiie of the gland itself, making the I'fHs siYJvfc, 
just as a nerve when stiimilatcd nukes a muscle contract, 
is not at present finally determined. 

The liquids poured out by the intermittent glands arc 
ahvays very poor in solid constituents, and coiuist chiedy 
of water. Those poured on to the .siirfate of the body are 
lost, but those which are received by tlie alimentaty canal 
arc doubtless in a great measure re-absorbed. 

33. The great infcmiiknt sourca of jj^nin of ivasle pro¬ 
ducts to the blood arc the muscles, oveiy contraction ot 
which is accompanied by a pouring of certain products 
into the blood. That nivich of this waste is carbonic acid 
is-ctnain from the facts (a) that the blood which leaves a 
contracting muscle is ahvays highly venous, far more so 
than that which'lcaves a quiescent muscle; {b) that mus 
cular exertion at once iinmenstdy increases the quantity of 
carbonic acid ^expired; but whether the amount of nitro¬ 
genous waste IS increased under these circumstances, or 
*nol, is a point yet under discussion. 
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LESSON VI. 


THE oe alimentation. 


], Tit li great source of gain to the blood, and, except 
the lungs, the only channel by which altogether new 
material is introduced into that fluid, putting aside the 
altogether exceptional case of absorption by the skin, is 
the alhnfutary Cfina/^ the totality of the operations of 
which constitutes the Amction of ailntentathm. It^wili 
be useful to consider the general nature and results of the 
performance of this function before studying its details* 
a. A man daily takes into his mouth, and therAy intro¬ 
duces into his alimentary canal, a certain quantity of solid 
and liquid food, in the shape of meat, breao, butter, watetj 
and the like. The amount of cheiiiically dry, solid matter, 
whMi must thus be taken inm the body, Jf a^an of 
average size and activily is neither to fc*et nor To gain, 
in weight, has been found to be about 8,cxx) grains. In 
additioh to this, his blood absorbs by the lungs about 
j0,000 grains of oxygen gas, making a grand total of 
18,000 grains (or nearly two pounds and three-quarters 
avoirdupois) of daily gain of dry, solid, and gaseous 
matter, 

3. The weight of dry solid mutter passed out from the 
alimentary canal dors not, on the average, amount to 
more than one-tenth of that which is taken into it, or 
800 grains. Now the alimentary canal is the only channel 
by which any appreciable amount of solid matter leave? 
the tK>dy in an undissolvcd condition* It follows, ihere^ 
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forCj that iri addition to tlie jo^ooo grains of oxygen, 
7,200 grains of dry, solid, matter must pass out of the 
body by the lungs, skin, or kidneys; either in the form of 
gas, or dissolved in the liquid excretions of tho^e organs. 
Further, as the general coinposiiion of the body remains 
constant, it follows either that the eltincntary constituents 
of the solids taken into the body must be identical with 
those of the body itself: or that, tn the course of the 
vital piocesscs, ihc food^alonc is destroyed, the substance 
of the body leinaining unchanged : or, finally, that both 
these alternatives hold good, and that food h, partly, 
identical with the wasting substance of tlio body, and 
replaces it; and, partly, differs from ihc wasting sub¬ 
stance, and is consurned without replacing it. 

4. As a mittcr of fact, all the substances which are 
used as food conic under one of four heads, 'I'licy are 
either what may be termed or they are PatJx 

or they are A myloid s^ or they lire Afmyrals. 

ProtCids are composed of the four Aments -carbon, 
hydrogen, oxygen, and nitrogen, sometimes united with 
sulphur and phosphorus. 

tJhder this head come the Gluten of flour; the 
wiflLof white of e^g, and blootT^efum ; the Fib tin of the 
blood; ^hc Syntoul/t^ tt^hicli is the chief constituent of 
muscle and flesK, and Casein^ one of the chief constitucnis 
of cheese, and ipany other similar but less common bodies ; 
while G elaim ^ which is obtained by boiling from connec¬ 
tive tissue, and Clumdrin^ which may be produced in the 
same ^'*y ffom'c^artiJage, may be considered to b^out¬ 
lying members Ijf the same group. 

J^j__are composed of carbon, hydrogen, and ^xygen 
only , and contam more hydrogen than is enoujiM^ to fonn 
water if united with the oxygen which they possess. 

All ve^tablc and animal fatty matters and oils come 
under this division. 

I A myloids arc substances which also consist of carbon, 
I hydfogen, and oxygen only* But they contain no more 
j hydrogen than is just sufficient to produce water with 
their oxygen* The^c arc the matters known as Starchy 
1 D^xirini^ and ^Gnm, 

It is the peculiarity of the three groups of food-stufls 
just mentioned that they can only be obtained (attany 
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rate, at present) by the activity of living beings, whether 
animals or plants, So that they may be con\^enienUy 
termed T/i/u/ 

Food-stufFs of the fourth class, on the other hand, or 
Minerals^ are to be procured as well from tlic not-Kving^ 
as the living world. They are water^ and salts of sundry 
alkalies, earths, and metals. To these, in strictness, 
oxyi^cn ought to be added, though, as it is not taken in 
by the alimentary canal, it hardly*comcs within the ordi¬ 
nary acceptation of the word food* 

5. Tn ultimate analysis, then, it appears that vital fmii- 
sinffs contain either three or four of me elements: carbon, 
hydrogen, oxygen, and nitrogen ; and that mineral food¬ 
stuffs are water and salts* But the human body, in ulti¬ 
mate analysis, also piroves to be composed of the same 
four elements, plus water, and the same saline matters as 
are found in food. 

More than this, no substance can serve permanently 
for food—tliat is to say, can prevent loss of weight and 
change in the general composition of the body—unless it 
contains a certain amount of proteid matter in the shape 
of albumin, fibrin, syntonin, casein, while, on the olh^r 
hand* any substance*which contains proteid matter in a 
readily assimilable shape, is competent *to act as a per¬ 
manent vital food-stuff- ^ . • 

The human body, as wc have seen, contains a large 
quantity of proteid matter in one or othdS* qf the forms 
which have been enumerated; and, therefore, it turns 
oiit^ be an indispensable condition, that *evcry sub¬ 
stance which is to serve pennanenty its fooaj^ must 
contain a sufficient quantity of the most important and 
complex component of the body ready madc» It must 
also contain a sufficient quantity of the mineral ingre¬ 
dients which arc required. Whether it contains cither 
fats or amyloids, or both, its essential power of supporting 
the life and maintaining the weight and composition of 
the body remains unchanged, 

6 p The necessity of constantly renewing the supply of 
proteid matter arises from the circumstance that the 
secretion of urea from the body (and consequently tiie 
loss of nitrogen) goes on continually, whether the body' 
is fc^ or not: while there is only one form in which 
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nitrogen (at any rate, in any considerable quantity) can 
be taken irfc the blood, and that is in the form of a 
solution of protcid matter. If proteld matter be not sup¬ 
plied, therefore, the body must needs waste, because there 
ijS nothing in the food competent to make good the loss of 
nitrogen. 

On the other hand, if proteid matter be supplied, there 
can be no absolute necessity for any other but the mineral 
food-stuffs, because pr6teid matter contains carbon and 
hydrogen in abundance, and hence is competent to give 
origin to the other great products of waste, carbonic acid 
and water. 

In fact, the iinal results of the oxidation of proteid 
matters are carbonic acid, water, and ammonia; and these, 
as wc have seen, arc the final shapes of the waste products 
of the human economy* 

7* From vvhat has been said, it becomes readily intel¬ 
ligible that, whether an animal be herbivorous or carni¬ 
vorous, it begins to starve from the moment its vital 
food-stuffs consist of pure amyloids, or fats, or any mixture 
of them* It suffers from what may be called nitrogen 
sttwrvatioHy^u^^ sooner or later, will die. 

In this case, and still more in that of an animal de¬ 
prived of vital food altogether, the ot^anism, so long as it 
continuers to live, feeds upon itself. In the former case, 
those excretions which contain nitrogen, in the latter, all 
its waste products, are necessarily fonned at the expense 

its own body; whence it has been rightly enough 
observtjjj that a starving sheep is as much a can^rtore 
as a lion* •. * 

8 . But though proteid matter is the essential element 
of food, and under certain circuivistancos may stSice, by 
Itself, to maintain the body, it is a very disadvantageous 
and uneconomical food* 

Albumen, which may be taken as the type of the pro-^ 
teids, contains about 53 parts of carbon-and 15 of nitrogen 
in 100 parts. If a man were to be fed on white of egg, 
therefore, he would take in, speaking roughly, 3^ parts of 
carbon for every part of nitrogen. 

Put it is proved experimentally, that a healthy, full- 
grown man, keeping up his weight and heat, and taking 
a fair amount of acercise, eliminates 4,000 grains; of 
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carbon to only 300 grains of nitrogORj or, rgug^lly, only 
needs one-thirteenth as much nitrogen as cilbon. How- 
i:verj if he is to get Jiis 4,000 grains of carbon out of 
albumen, Ire must eat 7 jS 47 grains of that substance, 
lint 7,547 grains of albumen contain 1,132 grains ol 
nitrogen, or nearly four times as much us he wants. 

put the ease in another way, it lakes about four 
pounds of fatless meat (which generally contains about 
one-fourth its weight of dry solid*proteids) to yield 4,000 
grains of carbon, whereas one pound will furnish 300 
grains of nitrogen. * 

Thus a man confined to a purely protdd diet, must cat 
a prodigious quantity of it. This not only involves a great 
amount of pliysiological labour in comminuting the food, 
and a great expenditure of power and time in dissolving 
and absorbing it; but throws a great cjuantity of wholly 
]>rofiLless labour upon those excretory oi^tuis, which have 
to gel rid of the nitrogenous matter, three-fourths of which, 
as we have seen, is superfluous. 

Unproductive labour is as much to be avoided in phy¬ 
siological, as in political, economy; iind it is quite possible 
that an animal fedwyb peifcctly nutritious, proteid mdt«er 
should die of starvation i the loss of power in various 
operations rctiuircd for its assimilation overbalancing the 
gain ; or the time occupied in their performance being too 
great to check waste with sufficient rapidi|y. The body, 
under these circumstances, falls into the cofidition of a 
ine^liaiit who has abundant assets, but who cannot get 
in m? debts in time to meet his creditors. * ^ 

9* These cfin si derations lead us to tn^ physiological 
justific;ition of the universal practice of mankind in adopt¬ 
ing a mixed diet, in which protcids are mixed either with 
fats, or with amyloids, or with both. 

Fats may be taken to contain about 80 per cent, of 
carbon, and amyloids about 40 per cent Now it has 
been seen that there is enough nitrogen to supply the 
waste of that substance per diem, in a healthy man, in a 
pound of fatlcss meat ; which also contains 1,000 grains 
of carbon, leaving a deficit of 3,000 grains of carbon. 
Rather more than half a pound of fat, or a pound •of 
sugar, win supply this quantity of carbon. The former,* 
if properly subdivided, the Litter, by reason of its 
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solubility, passes with great ease into the economy, the 
digestive" labour of which is consequently reduced to a 
minimum. 

10, Several apparently simple articles of food con¬ 
stitute a mixed diet in themselves. Thus butchcr^s meat 
commonly conuiin^i from 30 to 50 per cent* of fat. Bread, 
on the odicr hand, contains the proteid, gluten, and the 
amyloids, starch and sugar, with minute quantities of fat. 
But, from the proportion in which these proteid and other 
constituents exist in these siihsianccs, they arc neither, 
ta!Een alone, such physiologically economical foods as they 
are when combined in the proportion of about 300 to 75 ; 
or two pounds of bread to three-quarters of a pound of 
meat per diem. 

if. It is quite certain that nine-tenths of the dry, solid 
food which is taken into the body sooner or later leaves 
it in the shape of carbonic acid, water, and urea (or uric 
acid); and it is also certain that the compounds w'hich 
leave the body not only arc more highly oxidiKctl than 
those which enter it, but in them is carried away out of 
the body all the oxygen taken into the blood by the 
lupgs* 

The intermediate stages of this conversion arc, how¬ 
ever, by no ineaiis so clear. It is highly probable that 
the amjloids and fats arc very frequently oxidized in 
the blood, without, properly speaking, over forming an 
integral part oi the substance of the body; but w-hether 
Xhc. protcids may undergo the same change.s in the blood, 
or whether it is necessary for them first Co be incorpofared 
with th? livingissue, is not positively known. 

So, again, it is certain that, in becoming oxidized, the 
elements of the food must give off heat, and it is probable 
that this heat is sufficient to account for all that is given 
off by the body ; but it is possible, and indeed probable, 
that there may be other minor sources of heat. 

12, Food-stuffs have been divided inio 
and iissr€^-/orTmrs--ihc amyloids and fats constituting the 
former division, the proteids the latter. But this is a very 
misleading classification, inasmuch as it implies, on the 
ong hand, that the oxidation of the proteids does not 
^levelop heat; and, on the other, that the amyloids and 
fats, as they oxidize, subserve only the production of heat, 
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Proteids are tissue-formers^ inasmuch as no tissue can 
be produced without them; but tlicy are also kcat- 
producers^ not only ^^rcctly, but because, as wc have 
seen (Lesson V* 35, 26), that they are competent to 
uive rise to amyloids by chemical metamorphosis withii^ 
the body. 

If it is worth while to make a special classification of 
the \ital food-stuffs at all, it appears desirable to dis¬ 
tinguish the essential fuod-sluffs,*or proteids, from the 
aa essory food-stulTs, or fats and amyloids'--the fomter 
alon^ being, in the nature of things, necessary to hfr, 
while the latter, however imj>ortant, are not absolutely 
necessary. 

13. All food-stuiTs being thus proteids, fats, amyloids, 
or mineral matters, pure or mixed up with other sub¬ 
stances, the whole purpo-^c of the alimentary apparatus is 
to separate these proteids, &c, from the innutritions 
residue, if there be any ; aid to reduce them into a con¬ 
dition either of solution or of excessively fine subdivision, 
in order that they may make their way through the 
tlclicate stTuctiiros which form the walls of the vessels ot 
the alimentary canal. To these ends, food is taken mio 
the mouth and masticated, is mi^ed with saliva, is 
swallowed, undergoes gastne digestion,* passes into the 
intestine, and Js subjected to the action of the sArctions 
of the glands attached to that viscus ; and, finally, after 
the more or less complete extraction of tliJ nutritive con¬ 
stituents, the residue, mixed up with certain secretions of 
the^^estincs, leaves the body as the fttces, • ^ 

The cavity of the mouth is a chamber a fixM rooC. 
formed by the hard palate (Fig. 40, /), and with a move¬ 
able flofir, constituted by the lower jaw, and the tongue {^), 
which fills up the space between the t^vo branches of the 
jaw. Arching round the margins of the upper and the 
lower jaws are the thirty-two teeth, sixteen above and 
sixteen below, and, external to these, the closure of the 
cavity of the mouth is completed by the cheeks at the 
. sides, and, by the lips, in front. 

When the mouth is shut, the back of the tongue comes 
into close contact with the palate ; and, where the hajd 
palate ends, the communication between the mouth and • 
the Ij^ck of the throat is still further impeded by a sort of 
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fleshy cprtain-™thc soft palate or vduin- A\\^ middle of 
wbidi h produced into a prolongation, the U7/tfln (f)^ 
wliilc its sides, skirting the sides of the passage, or fauccjt^ 
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A Section op itir Mouth ano Nosh takbn TisjfTJCALLV^ a uttls 

TO THU LEk<T OF TUB MlODLB LlME 

a,^ the vertcbial i^ulumn; if, the gulkt; the witidiplpe; /i, the thyroid 
cartitogc of the Jaryux : the tpigloius; / the uvuk ; the opeiiiii^ of 

the left KustAchian tiilie; the openiM^ of the kft Jachryttul duct t /, the 
hyoid banc : 1 ^, the congtie;/, the hard palate; m, w, the bane of the 
&Ku11: 0 , p, the superior, inLddle, and inferior lurbiiial Iwnes, The letters 
^ are placed in the pharynx. 

^^ferm double muscular pillars, which are termed the 
"pillars of the fauces. Between these the tonsils arc 
situated, one on each $ide» 
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The velum with its tivula comes into coomet below with 
the upper part of the back of the tongue, and with a sort 
of gristly, lid-like process connected with its base, the 
epl^iotth (f). 

ildiind the partition thus formed lies the cavity of the 
pharynx^ which may be described as a funnel-shaped bag 
with muscular walls, the upper margins of the slanting, 
wi(ie end of which arc atuichcd to the base of the skull, 
while the lateral margins arc coritinuons with the sides, 
and the lower Avith the door, of the mouth. Tlie narrow 
end t)f the p]laryngeal bag passes into the gullet "or 
fcsopluigiis (^), a muscular tube, which affords a passage 
into the stomach. 

There are no foAver tlian six distinct openings into the 
front part of tlie pharynx —four in pairs, and tAvo single 
ones ill the middle line. The tivo pairs arc, in front, the 
hinder openings of the nasal cavities; and at the sides, 
close to these, the nperturcs of the Knsiachian tnin's 
rhe two single a|K‘rLures are, the hinder opening of the 
nioutli between the soft palate and the epiglottis ; and, 
behind tlie epiglottis, the upper aperture of the respira¬ 
tory passage, or the ^ioitis^ ^ ' « 

14. The mucous ni&iiibtanc Avhich lines the mouth and 
the pharynx is beset with minute gltinds, the bueail 
^^iands; but the great glands from which the davity of 
the month receives its chief secretion are the three pairs 
whicli, as has been already mentioned, arc^alled 
subfUtixiUdry^ sffblinyual^ and ivhich secrete the ]?rincipal 
par*^ the saliva (Fig, 41). ' ^ 

Kach parotid gland is placed just in^f.tmt of the car, 
Hind its duet passes forwards along the cheek, until it 
opens ifi the interior o/ the mouth, opposite the second 
upper grinding tooth. 

The siilimaxillary and sublingual glands lie between the 
lower jaw and the floor of th^* mouth, the subrnaxlllary 
being situated further back than the sublingual. Their 
ducts open in the floor of the mouth below the lip of the 
tongue. The secretion of these salivary glands, mixed 
with that of the small glands of the mouth, constitutes 
the saihfa—^ fluid which, though thin and watery, cem-^ 
tains a small quantity of animal matter, called PlyaHn^ ^ 
whicii has certain very peculiar properties. It docs not 
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act upon proteid food-stuffs, nor upon fats ; but if mixed 
with stareJij and kept at a moderate warm temperature, it 
turns that starch into grape sugar. The importance of 
this operation becomes apparent when one reflects that 



r ■% 

F Hi, 41 * 

A dis^clbn of the tight side of the face, showlni; /r, the f^ublingual : 
the submaj.jttury' gjands^ with their ducts apeuing beside the ton^e in the 
floor of the nujucn at a; the parotid gland and Its duct^ which open:k on 
iTub of the chcc|t at e. 

Starch is insoluble, and therefore, as siicli, useless n.s 
nutrim^^nt, 'while sugar is highly soluble, and rC^ily 
oxidizablc, ' * 

15* Each of the thirty-two teeth which have been 
rncntioTjcd consists of a rrorew which project^above the 
gum, and of one or more fungs^ which are embedded in 
sockets, or what arc called alveoli^ in the jaws. 

The eight teeth on opposite sides of the same jaw are 
constructed upon exactly similar patterns, while the eight 
teeth which are opposite to one another, and bite against 
one another above and below, though similar in kind, 
differ somewhat in the details of their patterns, 

The two teeth in each eight which are nearest the 
Tniddic line in the front of the jaw, have wide but sharp 
and chfad-Hke edges. Hence they are called inciwrs^ 
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or cutting teeth* The tooth which comes next is n, 
tooth with a more conical and pointed crown*- It answers 
to the great tearing and holding tooth of the dog, and is 
called the canine or eye-tooth. The next two teeth have 
broader crowns, with two cusps^ or points, on each crowt^ 
one on the inside and one on the outside, whence they 
are terrned bictupid teeth, and some times false grinders. 
All these teeth have usually one fang each, except the 
bicuspid, the fangs of which may be more or less com¬ 
pletely divided into two. The remaining teeth have two 
or three fangs each, and their crowns arc much broader. 
As they crush and grind the matters which pass between 
them they are called molars^ or true grinders. In the 
upper jaw their crowns present four points at the four 
corners, and a diagonal ridge connecting two of them. 
In the lowTr jaw the complete pattern is five-pointed, there 
being two cusps on the inner side and three on the outer. 

The muscles of the parts which have been described 
have such a disposition that the lower jaw can be de¬ 
pressed, HO as to open the mouth and separate the teeth ; 
or raised, in such a manner as to bring the teeth together ; 
or move obliquely from side to sidcj so as to cause tfte 
face of the grinding teeth atvd the edges of the cutting 
teeth to slide over one another. And tlie muscles which 
perform the elevating and sliding movements are of great 
strength, and confer a corresponding fiqrcc upon the 
grinding and cutting actions of the teeth. In correspond¬ 
ence with the pressure they have 10 resist, the superficial 
subfflfcnce of the crown of the teeth is of great hvdness, 
being formed of enamel^ which is the harflest substance 
in the hpdy, so dense and hard, indeed, that it will strike 
fire with steel (see Lesson XU.), But notwithstanding 
its extreme hardness, it becomes worn down in old 
persons, and, at an earlier age, in savages who Jive on 
coarse food. 

*6, When solid food is taken into the mouth, it is cut 
and ground by the teeth, thfr fmgments which ooie out 
upon the outer side of their crowns being pushed beneath 
them again by the muscular contractions of the cheeks 
and lips; while those which escape on the inner side ^ 
thrust back by the tongue, until the whole is thoroughly' 
rubbid down* 
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While, m^istic^tion is procecdin^^ the salivary glands 
pour out their secretion in great abundance, and the 
saliva mixes with the food, whiirh thus becomes in¬ 
terpenetrated not only with the salivary fluid, but with 
the air which is entangled in the bul^bles of the saliva. 

When the food is sufhcionlly ground it is collected, 
enveloped, in saliva, into a mass or bolus, which rests 
upon the back of the tongue, and is carried backwards to 
the aperture which Icahs into the pharynx. Through this 
it^is thrust, the soft palate being lifted and its pillars being 
brought togetlier, ^vliHc the backward movement of the 
tongue at once propels the mass and causes the epiglottis 
tu incline backwards and downwards over the glottis 
and so to fonn a bridge by which the bolus can travel 
over the opening of the air-passage without any risk of 
tumbling into it. While the epiglottis directs the course 
of the mas# cf food below, and prevents it from passing 
into the trachea, the soft palate guides it above, kcejis it 
out of the nasal chamber, and directs it downwards and 
backwards towards the lower part of the mustriihir pha¬ 
ryngeal funnel, by this the bolus is immediately sci?:ed 
atid tightly held, the muscular Itbres contracting 
above it, while they arc comparatively lax below, it is 
rapidly ^thrust into the (jesophaj^us. fly the miiseular 
waits of this tube it is grasped and propelled onwards, in 
a Similar fash km, until it rt :iches the stomach, 

17* Drink is taken in exactly the same way. Tt does 
pot fall down the phai7rix and gullet, but each gulp is 
graspe*! and pav^cd down. Hence it is that juggldfi are 
able to drink Standing upon their heads, and that a horse, 
or ox, drinks with Us throat louver than its stomaeh, feats 
which would he impossible if fluid simply fell tWwn the 
gullet into the gastric cavity. 

During these processes of mastication, insalivation, and 
deglutition, what happens to the food is, first, that it is 
reduced to a coarser or finer pulp ; secondly, that any 
matters it cames in solution arc still more diliiLed by the 
water of the sali^'-a ; thirdly, that any starch it may con¬ 
tain begins to be changed into sugar by the peculiar con- 
^ sfltucnt fptyalin) of the saliva. 

The stomach, like the gullet, consists of a lube 
with muscular walls comi'^osod of smooth muscubr fibres, 
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and lined by an epithelium ; but it differs from the ^llet 
in several circumstances^ In the first place,, its cavity is 
greatly larger, and its Ijft end is produced into an enlarge^ 
ment which, because it is on the heart side of the body, 
is called the cardiac dilatation (Fig, 42, b\ The opening 
of the gullet into the stomach, termed the cardiac aperture^ 
is consequently nearly in the middle of the whole length of 
the organ, which presents a long, greater cunm- 

ttire^ along its front or under edgt?, and a dhort concave, 
lesser curvature^ on its back or upper contour. Towards 
its right extremity the stomach narrows, and, where *11 
passes into the intestine, the muscular fibres are- so dis¬ 
posed as to form a sort of sphincter around the aperture 
of communication* This is called the pylorus (Fig, 
42, 

The mucous membrane lining the wall of the stomach 
is very delicate, and multitudes of small glaixda open upon 
its surface. Sonic of these ore simple, but others (Fig* 
43) possess a somewhat more complicated structure, 
their blind ends being subdivided* It is these glands, 
and more especially the more conrplicated ones, the so- 
called peptic glands^ which, when food passes into the 
stomach, throw out a thin acid fluid, the gastric juice. 

When the stomach is empty, its mucous membrane is 
pale and hardly more than moist. Its small artAics are 
then in a state of contraction, aftd comparatively little 
blood is sent through it. On the entraSce, of food a 
nervous action is set up, which causes these small arteries 
to cM’f tc ; the mucous membrane consequently receives a 
much larger quantity of blood, it becom&wcry rra, little 
drops of fluid gather at the mouth of the glands, and 
finally An. down as gastric juice. The process is very 
similar to the combined blushing and sweating which 
takes place when the sympathetic in .the neck is divided* 

Pure gastric juice appears to consist of little more than 
water, containing a few saline matters in solution, and its 
acidity is due to the presence of free hydrochloric acid ; 
it possesses, however, in addition a small quantity of a 
peculiar substance called pepsin^ which seems to be not 
altogether dissimilar in chemical composition to, though 
very different in its effects hom^ piyalin (§ 14}, 

when the food passes into the stomach, the con- 

h 
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tractions of that organ roll it about and mix it thoroughly 
with the '^stric juice. 

19. It is easy to ascertain the properties of gastric juice 
experimentally, by putting a small portion of that part of 
the mucous membrane which contains the peptic glands 
into acidulated water containing small pieces of mcat^ 



. ^ ¥nh 4?.—Tnit Stomach laid oi'En behinp. 

rt, the oebQ'hagus; the cardiac dilatatiqn ; c, the It^vct curvature the 
pylonis^ fi the duct the galt'-hladder; the pqncreatic ductj 

opening in cuinnon with the cystic duct opposite A; tt the duodenum^ 

hard-boiled egg, or other proteids, and keeping the 
mixture at a temperature of about 100° After a few 
hours it will be found that the white of egg, if not in too 
great quantity, has Income dissolved ; while all that 
remains of the meat is a pulp, consisting chiefly of the 
connective tissue and fatty matters which it contained. 
This is arii^al digestion^ and it has been proved by ex- 
penment that precisely the same operation takes place 
'^when food underwes natural digestion within the stomach 
of a living anim^ ^ 
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The proteid solution thus effected is called 
and has pretty much the same characters, whatever ihe 
nature of the proteid which has been dijgested- 

Peptone differs from all other’proieids in its extreme 
solubility, and in the readiness with which it passeir 
tlirough animal membranes. Many proteids, as fibrin, 



Fig- 43- 

Oiic tf the fil^ndb %hic!i accrete the gastric juici?, about 

350 diameiers. 

are naturally insoluble in water, and others, such as whit^ 
though apparently soluble, are not completely so,' 
and can be rendered quite solid or coagulated by being^ 
simply heated, as when an egg is boiled. A solution of pep-* 
loneihowevet is perfectly fluid, docs not become solid^ and 

L 2 
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H not at all coagulated by boiling. Agaitij if a quantity 
uf white of egg be lied up in a bladder, and the bladder 
umnersed in water, very little of#*the proteid will pass 
through the bladder into the water, provided that there 
are no holes. If, however, peptone be used instead of 
albumin, a very large quantity will speedily pass through 
into the water^ and a quantity of water will pass from the 
outside into the bladder, causing it to swell up. This 
process is called t ?smos is^ and is evidently of great import¬ 
ance in the economy rthe purpose of the conversion 
of the various proteids by digestion into peptone seems 
to be, in part at least, to enable this class of food-stuff to 
pass readily into the bfood through the thin partition 
formed by the walls of the mucous membrane of the intes¬ 
tine and the coat# of the capillaries. 

SimiUrly, starch, even when boiled, and so partially 
dissolved, will not pass through membranes, whereas sugar 
docs so with the greatest ease* fience the reason of 
the conversion of starch, by digestion, into sugar* 

It takes a very long time (some days) for the dilute acid 
alone to dissolve proteid matters, and hence the solvent 
pjwer of gastric juice muit be chiefly attributed to the 
pepsin. 

As faj as we know gastric juice has no direct action on 
fats ; by breaking up, however, the proteid framework in 
which animal, and vegetable fats are imbedded, it sets 
these free, and so helps their digestion by exposing them 
4 o the action of other agents. It appears, too, that gastric 
juice hes no dirqct action on amyloids ; on the coiftrary, 
the conversiort' of the starch into sug*ar begun in the 
mouth appears to be wholly or partially arrested by the 
acidity of the contents of the stomach, ptyalBi being 
active only in an alkaline or neutral mixture. 

20. Ry continual rolling about, with constant additions 
of gastric juice, the food becomes reduced to the con¬ 
sistence of pea-soup, and is calletl ch^mc. In this state 
it is, in part, allowed to cs-^aoe through the pylorus and 
to enter the'<riuodcniun ; but a great deal of the fluid 
(consisting of peptone together with any saccharine fluids 
^ rt!'jidting from the partial conversion of starch, or other¬ 
wise) is at once absorbed, mating its way, by imbibition, 
through the walls of the delicate and numerous vessels of 
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Vl.l AlinOMlI^’AL VISCERA. 



P^iCr. 44 .—The VificiLHA Of" A Rabbit as siutN upon simple PPP:Nr^G rnn 
Cavitihs or TH5 Thorax ahd Aboomuh without amv FunrnKif 
Oji^SECTtOH. 

of the thonuE^ pleqml cavity of either side; B. Dmphraj^iti ; 
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the stomach into the current of the bloody which is rush¬ 
ing though the gastric veins to the vena portce, 

21. The iniesUnes form one long tube, with mucous and 
muscular coats, like the stomach ; and, like it, they are 
etiveloped in peritoneum. They arc divided into two por¬ 
tions—the small infesHnes and the iarj(e inles£f?icsj the 
latter having a much greater diameter than the former. 
The small intestines ^agaiti are subdivitJed into the 
iluadenicmy the jejunum, and the ileum, but there is no 
natural line of demarcation between these* The duodenum, 
however, is distinguishable as that part of the small 
intestine which immediately succeeds the stomach, and 
is bent upon itself and fastened by the peritoneum against 
the back wall of the abdomen, in the loop shown in Fig, 
43. It is in this loop that the head of ihc pancreas lies 

(P'jg- 38). 

The ileum (Fig* 4S> a) is no wider than the jejunum or 
duodenum, so that the transition from the small intestine 
to the large (^) is quite sudden. The opening of the 
small intestine into the large is provided with prominent 
lips which project into the cavity of the latter, and oppose 
tilt passage of maittrs from it into the small intestine, 
while they readily;allow of a passage the other way. This 
is the ilee^cmal valve (Fig. 45, d). 

The large intestine forms a blind dilatation beyond the 
ileo-c^cal valv*?,^ which is called the ceecum; and from 
this an elongated^ blind process is given off, which, from 
its shape, is called the vermiform appendix of the caecum 
(FiK.4Sf-A). .. 

The caecum lies in the lower part of the right side of the 
abdominal cavity. The colon, or first part of lai^c 
intestine, passes upwards from it as the ascendif^ colon ; 
then making a sudden turn at a right angle, it passes 
across to the left side of the liody, being called the 


Ct ventricle!! of the heart ; D, aundcs : E, pulmonary artery 1 E, aorta; 
G:, hing^ colinpwdf and occiipying cmly b|ick part of chest ; H, lateral 
portjons uf pteiiral membranMi I, cattil(|ig[e nt the end of sternum 
(ejlsironTi cartilage]; portioti of the umll of body Icfk between 

thoyuc and abdomen; a. cut en<k of the libn: Ly the Liver\ in this 
fase lyinjff mort to the left than the riaht of the body; d/, the stomach, 
a large part of the rreater curvature King shown; Ny duadenilm; O, 
snuh mtesitiiie ; P the ciccumf so largely developed in this and,ptbcr 
h irbivorous antmah; Qt the large intestine. 
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transverse colon in this part of its coarse; atnd next, 
suddenly bending backwards along the left side of the 



Fig, 45^ 

The cerminatian of the ileum, in the caecum, and the continuation of the* 
latter into the colony c; the ilcti-orcal vfllve; r, the apertnn; of iht^ 

T t^i^rtniformU (J) intg the cxcum. 



Fig. 4JCt —SKMi-uiACRAMMArrc View of Two Villi of thk Shall 
lMti£sTiNEb< 4bout JO dbmeter^^) 

K, substance of the vilUiA; \ it;; cpitheltunif of which Aome cells are 
dctaihed at \ c the artery and vein^ with their ennnectinff capillary* 
network^ which envelope!! and hide^ the lacteal radicle whim occupies 

the/;entre of the viUtis and opens into a network of lacteal veMcla at 
it!t base. 
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abdomen, it becomes the descending colon. This reaches 
the middle ^ line and becomes the rectum^ which U that 
part of the large intestine which opens externally, 

22, Tlie mucous membrane of the whole intestine is 
provided with numerous small and simple glands 
{named after Lteberkuhn), which pour into it a secretion, 
the infesHnal jitke^ the precise functions of which arc 
unknown, though it appears in some creatures at least to 
possess the power of converting starch into sugar, and 
Pfoteids into peptone. At the commencement of the 
duodenum are certain racemose glands, called the glands 
of Brunner, whose function is wholly unknown. 

Structures peculiar to the small intestine arc the 
valvidce conniventes^ transverse folds of the mucous 
membrane, which increase the surface ; and the v////, 
which are minute thread-like processes of the mucous 
membrane on the valmilce conniventes and elsewhere, set 
side by side, like the pile of velvet Each villus is coated 
by epithelium, and contains in its interior the radicle, 
or commencement, of a lacteal vessel (Lesson TI, 4 6), 
between which and the epithelium lies a capillary nel- 
^rk with its afferent artery and efferent vein. 

The intestines^receive their blood almost directly from 
the aor^. Their veins carry the blood which has tra¬ 
versed the intestinal capillaries to the vena portee. 

The fibres of the muscular coat of the intestines (which 
lies between the raucous membrane and the serous, or 
peritoneal, investment) ^re disposed longitudinally and 
circulaWy ; the longitudinal coat being much thinnff/and 
placed outside^the circular coat. Now the circular fibres 
of any part contract, successively, in such a mamcr that 
the lower fibres, or those on the side of the anus]Vontract 
after the upper ones, or those on the side of the pylorus. 
It follows from this so-called pefistalUc contraction^ that 
&ie contents of the intestines are constantly being pro¬ 
pelled, by successive and progressive narrowing of their 
calibre, from their upper towards their lower parts. 

The large intestine presents noteworthy peculiarities 
in the arrangement of the longitudinal muscular fibres of 
the colon into three bands, which are shorter than the 
walls of the intestine itself, so that the latter is thrown 
into puckers and pouches; and in the disposition of 
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muscular fibres around the termination of the rectum into 
w rin^-hke sphincter muscle, which keeps the aperture 
firmly closed, except ihhen dcfiecation takes place, 

23, The only secretions, besides those of the proper 

intestinal glands, which enter the intestine, are those of 
the liver and the pancreas—the and the pancreatic 

mice. The ducts of these organs have a common 
opening in the middle of the bend of the duodenum; 
andj since the common ijitct passes obliquely through the 
coats of the intestine, its walls serve as a kind of valve, 
obstructing the flow of the contents of the duodenum 
into the duct, but readily permitting the passage of bile 
and pancreatic juice into the duodenum (Figs. 36, 38, 42), 

l^ancreatic Juice is an alkaline fluid not unlike saliva in 
many respects ; it differs, however, in containing a con¬ 
sider aljle quantity of proteid material* Bile we have 
already studied. 

After gastric digestion has been going on some lime, 
and the semi-digested food begins to pass on into the 
duodenum, the pancreas comes into activity, its blood-' 
vessels dilate, it becomes red and full of blood, its cells 
secrete rapidly, and ^ copious flow of pancreatic juke 
takes place along its duct into the intestine* 

The secretion of bile by the liver is much more con¬ 
tinuous than that of the pancreas, and is not so markedly 
ijicreased by the presence of food in the stomach* 
There is, however, a store of bile laid'up in the 
gay-bladder; and as the ncid^chyme passes into the 
dirotftnum, and flows over the common aperture: of the 
gall and pancreatic ducts, a quantity 01 bile from this 
reservoir in the gall-bladder is ejected into the intestine* 
The bile and pancreatic juice together here mix with the 
chyme and convert it into what is called chyle^ 

24. Chyle differs from chyme in two rEspects* In the 
first place, the alkali of the bile neutralizes the acid of 
the chyme ; in the second place, both the bile and the 
pancreatic juice appear to exercise an influence over the 
fatty matters contained in the chyme, which facilitates 
the subdivision of these fats into very minute separate 
particles. The chyme, in fact, which results from 
digestion of fatty food, is a mere mixture of watery 
fluid with oily matters, which are ready to separate from it 
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and unijc with one another* In the chyle, on the other 
hand, the fatty matters are suspended in the fluid, just as 
oil may be evenly dililuscd tUroifgh ivater by gradual!)' 
nibbing it up with white of egg into what is termed an 
ifmithion; or as the fat (Uiat is, the butter) of milk is 
naturally held suspended in the watery basis of milk, 

The chyle, with these suspended particles, looks white 
and milky, for the safjic reason that milk has the same 
aspect—the multitude of mmute suspended fatty particles 
reflecting a great amount of light. 

*Thc conversion of siarch into sugar, which seems to 
be suspended wholly, or partially, so long as the food 
remains in the stomach, on account of the acidity of the 
chyme, is resumed as soon as the latter is neutralized, the 
pancreatic and intestinal juices operating powerfully in 
this direction. 

Recent observations moreover have shown that pan¬ 
creatic juice has a powerful effect on protcid matters, con¬ 
verting them into peptones differing little, if at all, from 
the peptones resulting from gastric digestion. It would 
appear too that fats are not only minutely divided or 
cfnulsionized by the bile and pancreatic juice, Le. acted 
upon mechanically, but also to a small extent converted 
by a chemical change into soaps, and thus rendered more 
soluble* 

Hence it appears that, while in the mouth amyloids only, 
and in the ^stomach proteids only, arc digested, in the 
^intestine all three kind^of food-sluffs, proteids, fau ^nd 
amyloidf^ are cjther completely dissolved or mifiutely 
subdivided^ so prepared for their passage into the 
vessels. « 

As the chyle is thrust along the small intestines by 
the grasping action of the peristaltic contractions, the 
dissolved matter which it contains is absorbed, in the 
ordinary way, by osmosis into the vessels of the villi. 
The miniite particles of fatty matter, on the other hand, 
which, not being dissolved, arc incapable of osmosis, pass 
bodily through the soft substance of the epithelium into 
that of the villi, and so into the beginning of the lacteal. 

^ ^he exact manner in which this is effected is at present 
'a matter of dispute* The contents of the intestine are 
undoubtedly subject to pressure from the peristaltic 
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tractions of the muscuhr walls; and this may help to 
squeeze the fat into the villi, just as mercury may be 
squeezed through the pores of a piece of wash leather* 
The process, however, is probably not one of mere 
pressure only. 

As the network of capillaries lies outside the lacteal 
radicle in each villus, it would appear probable that 
the blood-vessels must carry off the greater part of 
the more soluble matters of the chyle- It is possible, 
however, that some of these pass by simple diffusion into 
tlic lactcals as well as into the blood-vessels* We are 
not, in fact, in possession of exact knowledge as to which 
constituents of the chyle pass into the lactcals, and which 
into the blood-vessels {or which into both), except on 
one point; and that is, that tlie minutely divided fat passes 
not into the blood-vessels, but into the lactcals, fills them, 
and only enters the blood after a roundabout passage 
through the mesenteric lymphatics and the thoracic duct 
(Lesson 11* § J S, 6.) 

25, The digested matters, as they arc driven along the 
small intestines, gradually become deprived of their 
peptones, fats, and" soluble amyloids, and arc forced 
through the ileo-ciecal valve into the csecum and large 
intestine. Here they acquire an acid reaction and the 
characteristic fecal odour and colour, which become 
more and more marked as they approach the rectum* It 
has been supposed that a sort of second digestion occurs 
in [he upper part of the large injestine* 
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LKSSON VII, 

^fOT/O.V AND LOCO^VOffON. 

1 . In the precetling Lessons the manner in which 
the incomings of the huni.in body are converted into iU 
outgoings has been explained. It has been seen that new 
matter, in the form of vitii] and mineral foods, is eon slant ly 
;Q}propnatcd by tlte body, to make up for the loss t/ 
old matter, in t^e shape, chiefly, of carbonic acid, urea, 
and wajer, which is as constantly going on. ' 

The vital foods are derived directly, or iiKlirccth, from 
the vegetable ^v-orld : and the products of waste either are 
,such com^unds as abound in the mineral world, or 
immediately decompose into them, Conscquenilv,^ the 
human*body is.the centre of a stream of matter^hich 
sets incessanfly from the vegetable and mineral worlds 
into the mineral world again* It may be coirir»*ed to an 
eddy in a river, which may retain its shape for an 
indefinite length of time, though no one particle of the 
water of the stream remains in it for more than a brief 
period, 

Bui there is this peculiarity about the human eddy, 
that a large portion of the particles of matter which flow 
into it have a much more complex composition than the 
particles which flow out of iL To speak in what is not 
«altogether a metaphor, the atoms which enter the body 
are, for the most part, piled up in large henps, and tumble 
down into small heaps before they leave it. The “force 
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which they set free in thus tumbling down, is the source 
of the active powers of the organism. 

2. These active pov^ers are chiefly manifested in the 
form of motion -movement, that is, either of part of the 
body, or of the body as a whole, which last 15 termed 
iocomoiion, 

'J'hc organs which produce total or partial movements 
of the human body are of three kinds ; edi^ exhibiting 
amuibind tmnfemenh^ cilia and mu sties. 

The amceboid 7mvements of the w'hite corpuscles of the 
blood have been already described, and it is probable thht 
similar movements arc performed by many other simple 
cells of the body in various regions. 

The amount of movement which each cell is thus 
capable of giving rise to may appear perfectly insignificant; 
nevertheless, there are reasons for thinking that these 
amteboid movements are of great importance to the 
economy, and may under certain circumstances be followed 
by very notable consequences. 

3. Cilia are filaments of extremely small size, attached 
by their bases to, and indeed growing out from, the free 
fiiirfaces of epithelial cells (sec Lessoyi XII.) ; there being 
in most instances very many (thirty for instance), but, in 
some eases, only a few cilia oil each cell.'' dn some of the 
lower animals, cells may be found possessing oiily*asingle 
ciliura, They are in incessant waving motion, so long as 
life persists in them. Their most common Vorm of movC' 
meat is that each cilium is suddenly bent upon itself, 
becdnvs sickle-shaped instead of straight, and thtjp more 
slowly straightens again, both movementhowever, being 
ext re m el rapid and repeated about ten times every second. 
These two movements are of course antagonistic ; the 
bending drives the water or fluid in which the cilium is 
placed in one direction, while the straightening drives 
it back again. Inasmuch, however, as the bending is 
much more rapid than the straightening, the force ex¬ 
pended on the water in the former movement is greater 
than in the latter. The total effect of the double move- 
nient therefore is to drive the fluid in the direction towards 
whicli the cilium is bent ; that is, of coiii'se, if the cell an 
which the cilia arc placed is fixed. If the cell be floating ' 
free, ihe effect is to drive or row the cell backwards ; for 
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their movements may continue even for some time after 
the epithelial ceil, with which they are connected, U 
detached from the body. And not only do the move¬ 
ments of the cilia^ thus go on independently of the rest of 
the body, but they cannot be controlled by the action of the 
nervous system. Each cilium seems to be composed of 
contractile substance, and the cause of its movement would 
appear to be the alternate contraction and relaxation of its 
opposite sides along its whole length or at its base only ; 
but why these alternations take place is unknown* 

Although no other part of the body has any control 
over the cilia, and though, so far as we know, they have 
no direct communication with one another, yet their actioi\ 
is directed towards a common end^-the cilia, which cover 
extensive surfaces, all working in such a manner as to 
sweep whatever lies upon that surface in one and the same 
direction* Thus, the cilia which are developed upon the 
epithelial cells, which line the greater part of the nasal 
cavities and the trachea, with its ramifications, tend lo 
drive the mucus in which they work, outwards. 

In addition to the air-passages, cilia are found, in the 
kuman body, in the ventricles of the brain, and in one or 
two other localities ; but the part which they play in man 
is insignificant ift comparison with their function in the 
lower dhimals, among many of which they becojne the 
chief organs of locomotion. 

J 4, Muscles \Lc 5 son I* § 13) arc accumulations of 6brcs, 
leach fibre having a definite structure which is diflTerent in 
the s/r/^icti and unsiriaUd kinds (see Lesson JIIIL), 
These fibres offc bound up by fibrous (or connective) 
tissue with blood-vessels, &c. into sm^ll bund|ps; and 
^hese bundles are again similarly bound up together in 
various ways so as to form muscles of various shapes and 
'Sizes* ]&rery fibre has the power, under certain condi- 
iions, of shortening in length, while it increases its other 
dimensions, so that the absolute volume of the fibre 
remains unchanged. This power is called muscular 
conirncHlHy; and whenever, in virtue of this power, a 
muscular fibre contracts^ it tends to bring its two ends, 
with whatever may be fastened to them, together. 

The condition which ordinarily determines the con¬ 
traction of a muscular fibre is a change of statCbin' a 
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nerve fibre^ which, is in close anatomical connection with 
the muscular fibre. The nerve fibre is thence called a 
motor fibre, because, its influence on a musde, it 
becomes the indirect means of producing motion (Lesson ' 
XL §6.). , . ' , , 

Muscle is a highly elastic substance. It contains a 
large amount of water (about as much as the Wood), 
and during life has a clear and semi-transparent aspect. 

When subjected to pressure in thJ perfectly fresh state, 
and after due precautions have been taken to remove all 
the contained blocKi, striated muscle (Lesson XIL § 
yields a fluid which undergoes spontaneous coagulation at 
ordinary temperatures* At a longer or shorter time after 
death this coagulation takes place within the muscles 
themselves* They Ixicome n>ore or less opaque, and, 
losing their previous elasticity, set into hard rigid masses, 
which retain the fiirin w'hich they possess when the coagu¬ 
lation comtncnces* Hence the limbs become fixed in the 
position in which death found them, and the body passes 
into the condition of what is termed the **death-stiftcning,*^ 
or rii^or mortis. 

After the lapse of a certain time the^coagulated^matt^ 
liquefies, and the muscles pass into a loose and flaccid 
condition, which marks thccommencemenfof putrefaction. 

It has been observed that the sooner rigr^r mortis sets 
in, the sooner it is over ; and the later it cojjimenccs, the 
longer it lasts. The greater the amount of* muscular 
exertion and consequent. exhjiustion before death, the 
sooner %igor mortis sets in* ^ 

Rigor mortis evidently presents some aiTategics with the 
coagulation of the blood, and the substance which thus 
coagulates within the fibre {myosin or muscle-clot as it is 
sometimes called) is in many respects not unlike fibrin. 

It forms at least the greater part of the substanefe whicR 
may be extracted from muscle by dilute acids, and is 
called syntonin (see Lesson VL f 4). Besides myosin, 
muscle contains other varieties of proteid material about 
which we at present know little ; a variable quantity of 
fat; certain inorganic saline matters, phosphates and 
potash being, as is the case in the red blood-corpitscIeSf 
in excess ; and a large number of substances existing m 
small quantities, and often classed together as extrao- 
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lives.” Some of these CKtractives contain nitrogen ; the 
most important of this class is kreatin^ a cfystallinc body 
which is supposed to be the chief fotm in which nitrogenous 
waste matter leaves the muscle on its way to become urea. 

The other class of extractives contains bodies free from 
nitrogen. Perhaps the most important of these is iactlc 
acid^ which seems always to be formed when a muscle 
contracts or 'when it enters into rigor mortis. For it is 
a curious fact that a muscle when at rest has a rteiitral or 
alkaline reaction as sho'wn by testing it 'with lilnius, but 
btcomes acid when it has been contracting for some time 
or become rigid by death. 

Most muscles are of a deep, red colour: this is due in 
part to the*blood remaining in their vessels ; but only in 
part, for each fibre (into which no capillary enters) has 
a reddish colour of its own, like a *blond-i t)rpuscle but 
fainter* And this colour is probably due to the fibre 
possessing a small quantity of that same haemoglobin in 
which the blood-corpuscles arc so rich. 

Muscles may be conveniently divided into two groups, 
according to the manner in which the ends of their fibres 
ere fastened ; intotHiuscles not attached to solid levers, 
and muscles attached to solid levers, 

j. Muscles not attached to solid levers.—UnAox this 
head cbme the muscles which are appropriately called 
hollow muscles, inasmuch as they enclose a cavity or 
surround a space; and their contraction lessens the 
capacity of that cavity, or the extent of that space. 

The ^uscular fibres of the heart, of the blood-rcssels, 
of the lymphritiu vessels, of the alimentary canal, of the 
urinary bl.addcr, of the d\»cts of the glands, tif-^he iris of 
the eye, arc so arranged as to form hollow muscles. 

In the heart the muscular fibres are of the striated kind, 
and their disposition is exceedingly complex. The cavities 
which they enclose are those of the auricles and ventricles ; 
and, as we have seen, the fibres, when they contract, do so 
suddenly and together* 

The iris of the eye is like a curtain, in the middle of 
which is a circular hole. The muscular fibres ar^ of the 
smooth or tinstriated kind (see Lesson XII.), and they 
are disposed in two sets : one set radiating from the edges 
of the hole to the circumference qf the curtain ; ai\d the 
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other set arranged in circles, concentrically with the aper¬ 
ture. The muscular fibres of each set contract suddenly 
and together, the radiatiiig fibres necessarily enlarging the 
hole, the circular fibres diminishing it. 

In the alimentary canal the muscular fibres arc also of* 
the unstriated kind, and they are disposed in two layers ; 
one set of fiiires being arranged parallel with the length of 
the intestines, while the others are jJisposed circularly, or 
at right angles to the former. 

As has been stated above (Lesson VI, f 22), the contri¬ 
tion of these muscular fibres is successive; that is to say, 
all the muscular fibres, in a given length of the intestinesj 
do not contract at once, but those at one end contract first, 
and the others follow them until the whole Series have 
contracted. As the order of contraction is, naturally, 
always the same, from the upper towards the lower end, 
the effect of this peristaltic contmetion is, as wehai^e seen, 
to fiuccany matter contained in the alimentary canal, from 
ils upper towards ils lower extremity. The muscles of 
the walls of the ducts of the glands have a substantially 
similar arrangement. In these cases the contraction of 
each fibre is less su<Sdcn and lasts longer than in tht* 
raseof the heart. 

6. Musdes attached to definite /!r7'^rj,”The great ma¬ 
jority of the muscles in tlic body are attached to distinct 
levers, formed by the bones* the minute structure of which 
is explained in Lesson XIL § II. In such’bones as 
arc ordinarily employed as levers, the osseous tissue is 
arrangfj^ in the form of a dtqft (Fig, 47,^^), formal of a 
very dense and compact osseous matter, but Wien contain- 
ing a great central cavity \fi) which is filled with a very 
delicate vascular and fibrous tissue loaded with fat called 
fnarrow. Towards the two ends of the bone, the compact 
matter of the shaft thins out, and is replaced by a much 
thicker but looser sponge-work of bony plates and fibres, 
which is termed the cancellous tissue of the bone. The 
surface even of this part, however, is still formed by a thin 
sheet of denser bone.' 

^ At least one end of each of these bony levers is fashioned 
into a smooth, articular surface, covered with cartilage^* 
which enables the relatively fixed end of the bone to play 
upon the corresponding surface of some other hone with 

M 
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which it is said to be articulated (see § 11), or, contrariwise, 
allows that other bone to move upon it. 
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It is one or other of these extremities which plays the 
part of fiilcnim when tlie bone is in tise as a lever, ^ 
Tims, in the accompanying figure (Fig. 48) of the bones 
of the upper extremity, with the attachments of the htc^px 
nmsdc to the shoulder-ljlade and to one of the two boiici 
of tlie fore-arm called the radins, V indicates the point of 
action of the power (the contracting muscle) upon the 

uiJius. • 
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Tho iwo ten<1oi« by winch ihb muscle is altacheJ to {(.C rapul* 

Liincriis oil wliich the iijilier end of the railms (lojtciher with the ullia) 
inovi^i; llie rt^cighL (of the hAiiU}. 

Hut to understand the action of the bones, as teym, 
properM it is necessary to possess a knowledge of the 
Iliffcrcnt kinds of levers, and be able to refer the various 
combinations of the bones to their appropriate Icver- 

"''Tlevcr is a rigid bar, one part of which is -'^l^sohdely or 
relatively fixed, while the rest is free to move 
point of the moveable part of the lever is set in moj* 
by a force, in order to communicate more or less of th^ 
motion to another point of the moveable J?“ 

sents a resistance to motion m the shape of a weight or 

Dthej obstacle. 


M 2 
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Three kinds of levers are enumerated by mechanicians, 
the definition of each kind depending upon the relative 
positions of the point of support, oufulcntin ; of the point 
which bears the resistance, weight, or other obstacle to be 
overcome by the force ; and of the point to which the 
force, or power employed to overcome the obstacle, is 
applied. 

If the fulcrum be plpced between the power and the 
weight, so that, when the pewer sets the le^ er in motion, 
ths weight and tire power de.scribc arcs, the concavities of 
which arc turned toward.s one another, the le\'er is said to 
be of the first order. (Hg. 49, I.) 
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^ 'T’he iipiper tlircc rcprcscTit the iliree kind^ of leveni: the l(jw« 

the foot, wltcti it tnkes the ch^iractei' ctf each kind, — W, weight or re«u'. 
nnce; F, t'lcnim; P, power, 

i 

If the fulcrum be ut one end, and the weight he between 
it and the power, so that weight and power describe con¬ 
centric arcs, the weight moving through the less space 
when the lever rnoves, the lever is said to be of the sec&m 
order, (Fig. 49, IL) 

And if, the fulcrum being still at one end, the power 
between the weight and it, so that, as in the former case, 
the power and weight describe concentric arcs, but the 
power moves tlirough the less space, the lever is of the 
^,^ ihlrd order, (Fig. 49,111.) 

7* In the human body, the following parts present ex¬ 
amples of levers of the first order. 



V LLI EX AM PL ES OF L E VERS. i 6^ 

f 

(fi) I'he sknU in its niovcnients upon tliu atlas, as fui- 
crmn. 

[F] The pelvis in it* movements upon the heads of the 
thiyh-boneSj 2^^ fulcrum. 

The footj when it is raised, and the toe tapped on tKe 
j^round, the ankle-joint fulcrum, (Fig» 49, L) 

I'lie positions ot the weiglit and of power are Jiot given 
in either of these cases, because tliey are reversed accord¬ 
ing to circuinstaoccs. Thus, when the face is being 
depressed, the power is applied in front, and the weight 
to the back part, of the skull ; but when the face is being 
raised, the power is behind and the weight in front* ^I’hc 
like is true of tlie pelvis, according as the body is bent 
forward, or backward, upon the legs» Finally, when the 
toes, in the actiop of tapping, strike the ground, the power 
is at the heel, and the resistance in the front of the foot, 
but, when the toes are raised to repeat the act, the power 
is in front, and the weight, or resistance, is at the heel, 
being, m fact, the inertia and elasticity of the muscles and 
tilher parts of the back of the leg. 

but, in all these cases, the lever remains one of the fir|t 
class, because the^ fulcrum, or lixed‘point on which the 
lever turns, remains between the power jyid the weight, or 
resistance. ' • 

a. The following are three examples of levers of the 
second order :— * ^ 

(fl) The thigh-bone of the leg which is bent*up tow'ards 
the body and not used, in the action of hopping, 

Foi^ in this case, the fulcrum is at tl:^ jjjp-joift. The 
power (which may be assumed to be furnished by the thick 
muscle ^ pf the front of the thigh) acts upon the knee-cap; 
and the position of the weight is represented by that of the 
centre of gravity of the thigh and leg, which will lie some¬ 
where between the end of tlie knee and the hip. 

(If) A rib when depressed by the rictus muscle * of the 
abdomen, in expiration^ 

Here the fulcrum lies where the rib is articulated with 

’ Thisi called rectum, is attached above tq the Imunch-bone 4 nd 

below to the kneecap (Fig. 2^ p. 12}. I'lit latter bone is oonneeted by % 
Atronf with the 

^ 'this mu&clc Lies in the frant abdominal wall on eaoh-^ide of the itiiddle 
Ime. h is atciched to the jiterniiiiL above and to the front of the pelvt^ 
below P'15, a, 3). 
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spirit; ; the power is at the sternum— viituahy the 
opposite end of the rib; and the resistance to be over h 
come lies between the two. ‘ * 

{c} I'lic niising of the body upon the toes, in standinf; 
bn tiptoe, and in the first stage of making a step forwards., 

{Fig.49, tU 

Here the fulcrum is the ground on which the toes rest; 
the power is applied Jby the muscles of the calf to the 
heel (Fig 2, h ); the resistance is so much of the weight of 
tlie body as is borne by the ankle-joint of the foot, which 
of course lies between the heel and the toes. 

Three examples of levers of the third order arc“ 

{a) The spine, head, and pelvis, considered as a rigid 
bar, which'has to be kept erect upon the hip-joints. 
(Fi«. 3.) 

n ere the fulcrum lies in the hip-joints ; the weight ts at 
the centre of gravity of the head and trunk, high above tlie 
fulcniiTi ; the power is supplied by the extensor, or flexor, 
muscles of the thigh, and acts upon points comparatively 
close to the fukriitn, (Figs. 2, 2, and II.) 

{R) Flexion of the forearm upon the arm by the 
muscle, when a weight is held in the hand. 

In this case, fhe weight being in the hand and the fuh 
cram at »thc elbow-joint, the power is applied at the point of 
attachment of the tendon of the biceps, close to the latter, 
(Fig. 48.) 

(i') Extension of the leg on the thigh at the knee-joint. 
Here the fulemm is the knee-joint ; the weight is at thu 
centre fcf gravity of the leg and foot, somewhere between 
Ihek nee and the foot i the power is applied by the muscles 
in front of the thigh (Fig. 2, 2) through the ligament of 
the knee-cap, or pnieUa^ to the tibia, close to the knee- 
joint, 

^ JO. In’Studying the mechanism of the body, it is very 
important to recollect that one and the same part of the 
body may represent eacli of the three kinds of levers, 
according to circumstances. Thus it has been seen that 
the foot may, under some circumstances, represent a lever 
of the first, in others, of the second order. But it may 
become a lever of the third order, as when one dances a 
weight resting upon the toes, up and down, by moving 
only the foot. In this case, the fulcrum is at the' ankle- 
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joint, the weight is at tlie toes, and the power is fiirnished 
by the extensor muscles at the front of the leg {Fig* 2, i), 
which are inserted between the fulcrum and the weight* 
(Fig. 49 . Ill*) 

11* It is very important that the levers of the body 
should not slip, or work unevenly, when their movements 
are extensive, and to this end they arc connected together 
in such a manner as to form stipng and definitely ar¬ 
ranged joinis or articulations, m 
Joints may be classified into imperfect and perfect* , 

{a) Imperfect joints are those in which the conjoined 
levers (bones or cartilages) present no smooth surfaces, 
capable of rotatory motion,-to one another, but are con¬ 
nected by continuous cartilages, or ligamcnfe, and have 
only so much mobility as Is permitted by the fiexibility of 
the joining substance* 

Examples of such joints as these are to be met with in 
the vertebral column—the flat surfaces of the bodies of 
the vertebrae, being connected together by thick plates of 
very clastic fibre-cartilage, which confer upon the whole 
column considerable play and springiness, and yet prevent 
any great amount of motion between l^e several vertebrt^. 
In the pelvis (sec Plate, Fig* VI 0 ,the pubic bones are united 
to each other in front, and the iliac bones to th^ sacrum 
behind, by fibrous or cartilaginous tissue, which allows of 
only a slight pla-y, and so gives the pelvis a little more 
elasticity than it would have if it were all ontTbonc. 

if) In all perfect joints, the opposed bony surfaces which 
move*upon one another are covered wj^th cartilage, and 
between them is placed a sort of sac, wl#ch lines these 
cartilagoe, and, to a certain extent, forpis the side walls 
of the joint; and which, secreting a small quantity of 
viscid, lubricating fluid—the synovia —is called a syno¬ 
vial membrane^ 

12 * The opposed surfaces of these articular cartilages, 
as they are called, may be spheroidal, cylindrical, or 
pulley-shaped ; and the convexities of the one answer, 
more or less completely, to the concavities of the other* 
Sometimes, the two articular cartilages do not come 
■directly into contact, but arc separated by independent j 
plates of cartilage, which are termed inter-articular. The 
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opposite faces of these inter-articular cartilages are fitted 
to receive the feces of the proper articular cartilages. 
While these co-adapted surfacas and synovial mem¬ 
branes provide for the free mobility of the bones entering 
dnto a jointj the nature and extent of their motion is 



Fig. 50.—a Sectton thk Hip Jchkt taken TiTRauaH the Acbta- 
Hui.UM OK Articular Cop of the PjiLVis ani> this of the 

flEAD ANO Neck he tuk Tkjgk-hokb. 

Z. T. Ligament urn tere^ or miind Tlie spa^9 marked with an 

Hiterrupted line r^pres^nt ihc articular cartilages. The cavity 

of the synovial membrane is indicated by the dark' line between cheiiej and 
as shown^ extends along the neck of tnc,femur beyond the limits of the 
cnrtibige. The peruHar shape of the pelvis causes the seciion to have the 
remarluble outline shown in the cut> ThU will be mtelLigible if compared 
with Fig. VI. in the Plate. 

'defined, partly by tlie fonns of the articular surfaces^ and 
partly by the disposition of the ligaments^ or firrUj fibrous 
cords which pass from one bone to the other. 

13, As respects the nature of the articular surfaces, 
joints may be what are called bail and socket joints^ when 
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llic sphi^roidiil surface furnished by unc bone ijUys in a 
eup furnished by another* In this case the motion of the 
former bone may take^^lace in any direction, but the extent 
of the motion depends upon the shape of the cup—being 
very great when the cup is shallow, and small in propor¬ 
tion as it is deep* The shoulder is an example of a ball 
and socket joint with a shallow cup ; the hip of such a 
joint with a deep cup (Fig. $□)* ^ 
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Elbow jyiNT* 

^ KumcrajS j Ul ulna ; TV. the tHceps muscle whi(.h extends th# jti'in \ 

HL [he b/ceps museJe which Ilexes it* 


14* Hings^jaints arc single or double* In the former 
case, the nearly cylindrical head of one bone fits into a ^ 
corresponding socket of the other. In this form of hingfe-' 
joint the only motion possible is in the direction of a plane 
perpendicular to the axis of the cylinder, just as a door can 



170 RLEMENTAR Y FHVSiOLOG K [LESS. 

t 

only be |nade to move round an axis passing through its 
hi nges. The elbow is the best example of this joint in 
ihc human body, but the movement here is limited, because 
the i^iecranoHy or part of the ulna which rises up behind 
the humerus, prevents the arm being carried back behind 
the straight line ; the arm can lhaa be l>ent to, or straight¬ 
ened, but not bent back (Fig, 51). TJic knee and ankle 
present less perfect specimens of a single hinge-joint. 

A double hinge-joint is one in which the articular surface 
of each bone is concave in one directioiij and convex in 
another, at right angles to the fonner. A man seated in 
a saddle is ** articulatedwith the saddle by such a joint. 
For the saddle is c<jncave from before backwards, and 
convex front side to side, while the man presents to it the 
concavity of his legs astride, from side to side, and the 
convexity of his scat, from before backwards. 

'flic metacarpal bone of the thumb is articulated with 
the bone of the wrist, called trapesium^ by a double hinge- 
joint. 

15. K pivoi-joint is one in which one bone furnishes 
an axis, or pivot, on which another turns ; or itself turns 
bn its own axis, resting on another bone. A remarkable 
example of the former arrangement is aiforded by the atlas 
and or two'uppermost vertebra; of the neck (Fig, 52), 
The axis possesses a vertical peg, the so-called oihntoia 
process (^), and at the base of the peg are two, obliquely 
placed, articular surfaces (^0 The atlas is a ring-like bone, 
with a massive thickening on each side. The inner sidr 
of the f^ont of t^c ring plays nmnd the neck of the odon¬ 
toid peg, and the under surfaces of the lateral masses glide 
over the articular faces on each side of the basc^/ the peg* 
A strong ligament passes between the inner sides of the 
two lateral masses of the atlas, and keeps the hinder side 
of the neck of the odontoid peg in its place (Tig. 52, A). 
I^y this arrangement, the atlas is enabled to rotate through 
a considerable angle either way upon the axis, without any 
danger of falling forwards or backwards—accidents which 
would immediately destroy life by crushing the spinal 
marrow, 

^ The lateral masses of the atlas have, on their upper 
faces, concavities (Fig* 52, A, a) into which the two convex, 
occipital condyles of the skull fit, and in which they play 
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upward and downward. *Thus the nodding of the head 
is effected by the movement of the skull uppn tlie atlas; 
while, in turning the hgad from side to side, the skull does 
not move upon the atlas, but the atlas slides round the 
odontoid peg of the axis vertebra. 



Fig, 5a. 

A 'L'hc AtLis vieweti Tmiii above r a upper arttcuJar ^uHhccsii of its 
UteiMl iiias»es for the coiitlylcs of the skull ; the peg of the axJi verterbia- 
Ih Side view of the axis vertebra i articular surface fur the lateral mass 
nf the atlias ] pe(£ nr odontoid process. 

The second kind of pivot’-joint is seen in the forearm* 
If the elbow and fhcearm, as far as the wristj are made to 
rest upon a table, and the elbow is Kept firmly fixed, the 
hand can nevertheless be freely rotated*so that either the 
palm, or the back, is turned directly upwards. When the 
palm is turned upwards, the attitude is called m^ination 
S 3 i S when the back, probation (Fig*.53, H). 

Tile forearm is composed of two bones ; one, the nhia^ 
whic|| articulates with the humerus at the elbow by the 
hinge-joint already described, in such a^n^incr Aat it can 
move only in flexion and extension (sec ^ 17), and has ni 
power of rotation. Hence, when the elbow and wrist an 
rested on a table, this bone remains unmoved* 

But the other bone of the forearm, the radius^ has its 
small upper end shaped like a very shallow cup with thick 
edges. The hollow of the cup articulates with a sphc' 
roidal surface furnished by the humerus ; the lip of the 
cup, with a concave depression on the side of the ulna. 

The large lower end of the radius bears the hand, and 
has, on the side next the ulna, a concave surface, whicb 
articulates with the convex side of the small lower end 01 
thiU bone* 
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Thus the uppc:r end of the radius turns on the double 
surface, furnjshed to it by the pivot-like ball of the humerus, 
and the partial cup of the ulna : wlyle the lower end of the 
radius can rotate round the surface furnished to it by the 
lower end of the ulna. 

In stipinaiion^ the radius lies parallel with the ulna, with 
Its lower end to the outer side of the ulna (Fig. 53, A), In 



F* A 

Fic. 51* 

T\i\ Uinea of the right m (A) and pronation (B)i. 

//, limiictu't; A’ radium ; U* iilnu. 

Pronatim^ it is made to turn on its own axis above, and 
round the ulna below, until its lower half crosses the ulna, 
and its lower end lies on the inner side of the ulna (Fig. 

16. The ligaments which keep the mobile surfaces of 
bones together are, in the case of ball and socket joints 
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strong iibrous capmles wBicli surround the joint on all 
sides. In hinge-joints, on the other hand, the ligamentous 
1 issue is chiefly accumulated, in the form of hileral lijra- 
smnis^ at the sides of tfle joints. In some cases ligaments 
are placed within the joints, as in the knee, where the 
bundles of fibres which cross obliquely between the femur 
and the tibia'^ are called crucial ligaments ; or, as in the 
hip, where the round ligament passes from the bottom of 
the socket or acetabulum of the pel^sto the Imll furnished 
by the head of the femur (Fig, 50). 

Again, two iigamcnis pass from the apex of the odon¬ 
toid peg to cither side of the margins of the occipital 
foramen, Le. the large Iiolc in the base of the skull, througli 
which the spinal cord passes to Join the brain ;i these,from 
tlieir function in helping to stop excessive rotation of the 
skull, are called check Hgnntenis (Fig. 54, a\ 



Fil«« ^4. 


The vertehrAl coUicnn In the tipper of the neck laid open, ta »hnw 
the check Ugamt^iiE^ of ttie sixis ; A, ilic broad li^pment which extends 
fmin the frant iTLarfpn of the eocipilal foramen along tUc hinder faces of 
I he bodies of ibo vertebriE: it is cut thrfivigh, and the emt ends turned 
I pack to shtm, fj the Facial ligament which caiinects the pciint of the odmi- 
1 oid ^ pc^ lArlth tb« Udnt margin of the occipital foramen; /. the atlas; 
/ 1 . the axis. 

Tn one joint of the body, the hip, the socket or 
hulum (Fig. 50) fits so closely to the head of the femur, and 
the cjpsulai ligament so completely closes its cavity on 
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all sides, that the pressure of'the air must be reckoned 
among the causes which prevent dislocation. This has 
been proved experimentaUy by bonng a hole through the 
'oor of the acetabulum, so as to admit air into its cavity, 
when the thigh-bone at once falls as far as the round and 
capsular ligaments will permit it to do, showing that it 
was previously pushed close up by the pressure of the 
external air, 

17. The different kinds of movement which the levers 
thus connected are capable of performing, are called 
flixion and cxhimonj cwduction and adduction ; rotation 
and circumducHon, 

A limb is Jlexcd^ when it is bent ; extended^ when it is 
Straightened out. It is abducted^ when it rs drawn away 
from the middle line ; adductedy when h is brought to the 
middle line- It is rotated^ when it is made to ttirn on its 
own axis ; circa indue tody when it is made to describe a 
conical surface by rotation round an imaginary axis. 

No part of the body is capable of perfect rotation like 
a wheel, for the simple reason that such motion would 
necessarily tear all the vessels, nerves, muscles, &c. which 
vnite it with other tiarls. 

t 8. Any two bones united by ,a joint may be moved 
one upon another in, at fewest, two different directions. 
In the dasc of a pure hinge-joint, these directions must be 
opposite and in the same plane ; but, in all other joints, 
the movements may be in several directions and in 
various planes. 

in the case of a pure hinge-joint, the two prac*^icable 
movements—flexion and extension—may be effected 
by means of two muscles, one for either movcA’ient, and 
running from one bone to the other, but on opposite sides 
of the joint. When either of these muscles contracts, ii 
will pull its attached ends together, and bend or straighten, 
as the case may be, the joint towards the side on which 
it is placed. Thus the biceps muscle is attached, at 
one end, to the shoulder blade, while, at the other end, 
its tendon passes in front of the elbow-joint to the radius 
{Figs, 48 and 51) : when this muscle contracts, therefore, it 
bends, or flexes, the forearm on the arm. At the Ixick of 
the joint there is the triceps { 7 r Fig. 51) ; when this con-' 
tracts, it straightens, or extends, the forearm on the ?jrm. 
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In the other extreme form of articulation—tlieJbaJl and 
i)t)cket joint —moveineiU in any number of planes may be 
(^tfcctcd, by attaching muscles in corresponding number 
and direction, on the one hand, to the bone which affords 
the socket, and on the other to that which furnishes the 
liead. Circumduct ion will be effected by the combined 
and successive contraction of these musdes, 

19* it usually happens that the lipnc to which one end 
of a muscle is attached is absolutely or relatively sta¬ 
tionary, while that to wliich the other is fixed is moveabje. 
In this case, the attachment to the stationary bone is 
termed the that to the moveable bone the tns^rUoffy 

of the muscle. 

The fibres of muscles are sometimes fixed Birectly into 
the parts which serve as their origins and insertions : but, 
more commonly, strong cords or bands of fibrous tissue, 
called are interposed between the muscle proper 

and its place of origin or insertion* When the tendons 
play over hard surfaces, it is usual for them to be separated 
from these surfaces by sacs containing fluid, which arc 
called hurs€P; or evert to be invested by synovial sheaths, 
i.e, quite covered for some distance •by a synovial ba^ 
iarming a d<iuble sheath very much in the same way that 
the bag of the pleura covers the lung and the chgst wall. 
Usually, the direction of tlic axis of a muscle is that of 
a straight Hue joining its origin and its insertion* Hut in 
some muscles, as the snperior oblique the eye, 

tlie tendon 'passes over a pulley formed by ligament, and 
compl^ely changes its direction before reaching i*s inser¬ 
tion* (See Lesson IX,) • 

Again, ihere are muscles which are fleshy at each end, 
and have a tendon in the middle* Such muscles are called 
digastric ^ or two-bell led. In the curious muscle which 
pulls down the lower jaw, and specially receives this name 
of digastric^ the middle tendon runs through a pulley 
connected with the hyoid bone ; and the muscle, which 
passes downwards and forwards from the skull to this 
pulley, after traversing it, runs upwards and forwards, to 
the lower jaw (Fig* 55), 

20. We may now pass from the consideration of thlT^ 
mechanism of mere motion to that of locomotion* 

Wlllen a man who is standing erect on both feet pro- 
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ceeds to beginning with the right leg, the body is 

inclined so^as to throw the centre of gravity forward; 
and, the right foot being raised, tlie right leg is advanced 
for the length of a step, and the foot is put down again. 
In the meanwhile, the left heel is raised, but the toes of 
the left foot have not left the ground when the right foot 
has reached it, so that there is* no moment at which both 



Fig 55*-"The OjUhse of tUK Dicmstml MfStLE, 

Jl, Its poiiterior btlly; it"! antfiiijor belly ; betweett the iwo the tendon 
passing tl^rough its puU«y connected with the byotd bone. 


feet arc off the ground* For an instant, the legs form 
two sides of an equilateral triangle, and the centre of the 

* body is consequently lower than it was when the legs 
were parallel and dose together. 

The left foot, however, has not been merely dragged 
away ftom it^, fi^t position, but the muscles of ifte calf, 
having come into play, act upon the foot as a I^ver of the 
second order, and thrust the body, the weight of which' 
rests largely on the left astragalus, upwards, forwards, and 
to the right side. The momentum thus communicated to 
the body causes it, with the whole right leg, to describe an 
arc over the right astragalus, on which that leg rests 
below. The centre of the body consequently rises to its 
former height as the ri^t leg becomes vertical, and 
dcsj^cends again as the right leg, in its turn, inclines 
forward. 

' When the left foot has left the ground, the body is 
supported on the right leg, and is well in iidvance of the 
left foot ; so that, without any further muscular exertion, 
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the left foot swings forward* 3 ike a pendulum, and is carried 
by its own momentum beyond the right foot,* to the 
position in which it completes the second step. 

When the intervals oTf tJie steps are so timed that each 
swinging Jcg comes forward into position for a new step 
without any exertion on the part of the walker, walking 
is effected with the greatest possible economy of force* 
And, as the swinging leg is a true pendulum,—the time of 
vibration of which depends* other tflings being alike, upon 
its length (short pendulums vibrating more quickly than 
long ones),—it follows thiit, on the average, the natufal 
step of short-legged people is quicker than that of long- 
legged ones, 

in running^ there is a period when both lege arc off the 
ground. The legs are advanced by muscular contraction, 
and the lever action of each foot Is swift and violent. 
Indeed, the action of each leg resembles, in violent 
running, tliat which, when both legs act together, consti- 
stutc a Jump^ the sudden extension of the legs adding 
to the impetus, which, in slow walking, is given only by 
the feet. 

21. Perhaps the most singular motor apparatus in thf^ 
body is the larynx^ by the agency of which voice is 
produced* 

The essential conditions of the production of thtf human 
voice are : — 

a. The existence of the so-called vocal chords, 

d. The parallelism of the edges of these chords, without 
which they will not vibrate in such a manner as to give 
out soffnd. • » • 

c. A certain degree of tightness of the vocal chords, 
without T^hich they will not vibrate quickly enough fo 
produce sound. 

d The passage of a current of air between the parallel 
edges of the vocal chords of sufficient power to set the 
chords vibrating. 

22. The larynx is a short tubular box opening above 
into the bottom of the pharynx and below into the top of 
the trachea. Its framework is supplied by certain carti¬ 
lages more or less moveable on each other, and these 
connected together by joints, membranes and muscles. 
Acrojs the middle of the larynx is a transverse partition^ 
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formed by two folds of the hning mucous membrane* 
stretching from either side, but not quite meeting in the 
middle line. They thus leave, in the middle line, a chink 
or slit, running from the front to the back, called the 
glottis^ The tivo edges of tliis slit are not round and 
dabby, but sharp and, so to speak, clean cut; they are 
aJ^o strengthened by a quantity of elastic tissue, the fibres 
of which are disposed lengthways in them* These sharp 



DUcram of the larynxj the thy 1 old iTA.] bciof Buppo&ed to bn 

tranapanei)^^ 4(id allowiDg the right :irytenoidcarLiiagc chords 

(K) arid thyrid4ry^Ujdfd muscle {TAA,)f tht upper part of the cricoid carti* 
bgc and the attachmem of the epiglottis (Ep), to he s«n- CfA. 

tM light orlDO'thyrotd muscle; Tk the trachea ^ the hyold,bonn* 

free edges of the glottis are the so-called ihcal chords or 
vocal ligaments^ 

23. The thyroid cartilage (Fig* is a broad plate 

of gristle bent upon itself into a V shape, and so disposed 
that th^ point of the V is turned- forwards, and constitutes 
what is jcommonly called “Adam's apple/' Above, the 
^ thyroid cartilage is attached by ligament and membrane 
"'ft.nthe hyoid bone (Fig. 56, Hyi). Below and behind, its 
broadlsides arc produced into little elongations or horns, 
ivhich ai'fi articulated by ligaments with the outside of a 
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great ring of cartilage, the erkoid (Fig. wliich 

forms, as it were, the top of tlie windpipe. 

The criand ring i£i*iiiuch higher behind than in front, 
and a gap, filled up by mcmbnine only, is left between its 



Fig s7 —A VERTICAL anp TfrAw^vPHSF Sj^tjon i hroi gk thh LahvnXj 

'J*IK JllNDlLK OV WFIJCJ] IS RHMPVKi^ 

/'p Epif^Lottis p yVi. tlijrroid cartifsige, cflvkiti'i caUert the i ^ 

above the vot^aJ ligaments (O. x thi ri^ht 
ihusde cut: ^icrQ&s : O* thi; c:droid cartilage. • 

upper edge and the low^er edge t)f the fiont part of the 
thyroid, when the latter is hori^ontai. Consequently, the 
thyroid cartilage, turning upon the articulations of its 
hums with the hinder part of the cricoid, as upon hinges, 
can be moved up and down through the space occupied by 
this membrane. When it moves downwards, the distance 
between the front part of the thyroid cartilage and the 
back of the cricoid is necessarily increased ; and when it 
moves back again to the horizontal position, diminishedT"* 
There is, on e?ich side, a large muscle, the fruyhthyroid, 
whiih passes from the outer side of the cricoid cartilage 

N 2 
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obliquely I upwards and backwards to tbc thyroid, and 
pulls the latter down (Fi|,^ 56, C//^)^ 

34. Perched side by side, upon the upper edge of the 
back part of the cricoid cartilage are two small irregularly- 
shaped but, roughly speaking, pyramidal cartilages, the 
arytenoid cartilages (Fig* 58, Ary^, Each of these is 
articulated by its base with the cricoid cartilage by means 
of a shallow joint whicUpermits of very varied movements. 



Fig* 58,— Tub ^aits simROiTitDiNG thm Glottic pa«tiai,lv dis 5 i«:ihi> 

ANl> VllfilVFEtl KKOM A&OVJS 

Tk The carUl^i^: C'n the cricoid csirtiUcc I ih^ edgeV oF the 

voca.1 ligaments QaunJmg the glottis. ; Ary* the airyteiiold cwtthigcs* 
thyro-Arytenoid; GaM lateral crico-arytcjioLd : Cj*/. posteilor 
crlco-arytenoid; ^\r.p. po&terior arytctioid mubcfcs. 

and especially allows the front portions of the two ary ten oid 
cartilages to approach, or to recede from, each other* 

It is to the fore part of one of these arytenoid cartilages 
that the hinder end of each of the two vocal ligaments is 
fastened ; and they stretch from these points horizontally 
across the cavity of the larynx, to be attached, close to¬ 
gether, in the re-entering angle of the thyroid cartilage 
rather lower than half-waj^ between its top and bottom* 
Now when the arytenoid cartilages diverge, as they do 
when the larynx is in a state of rest, it is evident that the 
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aperture of the glottis wifl be V-shaped, the point of the V 
being forwards, and the base behind. 

For, in front, or in the angle of the thyroid, the two 
vocal ligaments arc fastened permanently close together, 
wlicrcas, behind, their extremities will be separated as far 
as the arytenoids, to which they are attached, are separated 



Fig so- 

I View of tlie human laryn* from ahovc as actually seen by the aid of (he 
instrument caUed the : A, in th* condition when voke ii 

produced ; Dg at refitj when no voice ih produced. 

[foredtnrtened). 
c.v- TRe vocal chords. 

The so-called false vocal chords, folds of mucous membrane tyinff 
above lh» jeal vocal chordSni 
a. Elevaimn cauf^ed by the arytenoid cartilagcfi. 

Elevations caused by unall cartilagoA connected with the arytenauU, 

I . Root of the tongue. 

II. Diagram of the same. * 

from each other. Under these circumstances a current 
of air passing through the glottis produces no sound, the 
parallelism of the vocal chords being wanting ; whence it 
is that, ordinarily, expiration and inspiration take place 
quietly. Passing from one arytenoid cartilage to tl!? 
other, at their posterior surfaces are certain muscles 
call^ the fiosferfar ttfyfen/trW (Fig. 58, Ar.p*), There aro 
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ri'so two sets of miisdes conneAmg" each arytenoid with 
l!ic cricafd, and called from their positions respectively 
ihe posterior and litferai cnco-iuytenoid (Fig, SS, C.a^p.y 
CnM), By llic more or less separate or combined action 
of tiicsc nrusclcs, the arytenoid cartilages and, conse- 
tjucntly, the hinder ends of tile vocal chords attached to 
tlicni, may be made to approach or recede from each other, 
and thus the vocal chords rendered parallel or the reverse. 

We have seen thal t‘he crico-thyroid muscle pulls the 
thyroid cartilage down, and thus increases the distance 
between the front uf the thyroid and the back of the 
cricoid, on whiqb the arytenoids are seated. This move^ 
nient, the arytenoids being fixed, must tend to pnll out the 
vocal chords lengthways, or in other words to tighten tliem. 

Running from the re-entering angle in the front part 
of the thyroid, backward, to the arytenoids, alongside the 
vocal chords (and indeed imbedded in the transverse folds, 
of which the chords are the free edges) arc two strong 
muscles, one on each side (Fig, 58, T/i,AX called ikyro- 
arytmoid. The effect of the contraction of these muscles 
is to pull up the thyroid cartilage after it lias been de¬ 
pressed by the crico-thyroid muscles, and consequently to 
slacken the vocal chords. 

Thus the paralJelism \b) of the vocal chords is deter¬ 
mined cKiefly by the relative distance from each other of 
the arytenoid cartilages ; the tension (t’) of the vocal cords 
is determined chiefly by the upward or downward move¬ 
ment of the thyroid cartilage ; and both these conditions 
are depepdent on the action of certain muscles. ^ 

The currentftof air {d) whose passage sets the cnords 
vibrating is supplied by the movements of expiration, 
which, when the chords are sufficiently paraUelahd tense, 
produce that musical note which constitutes the voice, but 
otherwise give rise to no audible sqund at all 

25. Other things being alike, the musical note will be 
low or high, according as the vocal chords are relaxed or 
tightened ; and this again depends upon the relative pre¬ 
dominance of the contraction of the crico-thyroid and 
■ thyro-arytenoid muscles. For ivhen the thyro-arytenoid 
^^fK<jscles are fully contracted, the thyroid cartilage will he 
pulled up as far aa it can go, and the vocal chords will be 
rendered relatively Jax; while, wlien the crico-thyroid 
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muscles are fully contracfed, the thyroid cartilage will be 
depressed as much as possible, and the vocal chords will 
be made mor^ tense, * 

"riie rangi of any voice depends upon the difference of 
tension which can be given to the vocal chords, in these 
two positions of the thyroid cartilage. Accuracy of 
singing depends upon the precision with which the singer 
can voluntarily adjust the contractions of the thyro¬ 
arytenoid and crico-thyroid muscles—so as to give his 
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Biagtam of a modet illustrating the action of the levers and musdea of 
the larytiic. The stand and vertical pillar represent ilie nncotd and arytenoid 
caruUges, while the rod (^f), moving on a pivot at r, takrs^he place of ihc 
thyroid cartilage ; a ^ is au clastic band representing the vocal hgaineilt. 
I'amllel with this mns a cord fastened at one end to the rod b and, at the 
other, Rasing over a pulley to the weight H. This reprei^ciiu the thy no 
aryteniffd muscle. A cord attached to the middle ofi ^ <^and pTssjng over^a 
second pulley to the weight represents the tfico-thyroid muscle. It is 
obvious tha^ when the bar {b e) is pulled down to the position £ d, the elastic 
band (a b) is put on the stretch- 


vocal chords the exact tension at which their vibration 
will yield the notes required. 

The quality of a voice—treble, bass, tenor, See .—on the 
other hand, depends upon the make of the particular 
larynx, the primitive length of its vocal chords, their 
elasticity, the amount of resonance of the surrounding 
parts, and so on, ^ 

Thus, men have deeper notes than boys and women, 
becaiise their larynxes are larger and their vocal chords ^ 
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longer—whencCj though equally clastic, they vibrate less 
swiftly, ‘ 

26. Speech is voice modulated by the throat, tongue, and 
lips* Thus, voice may exist without speech ; and Lt is 
commonly said that speech may exist without voice, as in 
whispering. This is only true, however, if the title of voice 
be restricted to the sound produced by the vibration of the 
vocal chords ; for, in whispering, there is a sort of voice 
produced by the vibration of the muscular walls of the lips 
which thus replace the vocal chords, A whisper in 
fact, a very low vdiisLlc, 

The modulatum of the voice into speech is eflTected by 
changing the form of the cavity of the mouth and nose, 
by the action of the muscles which move the walls of 
those parts* 

Thus, if the pure vowel sounds— 

E (as in lii)^ A (as in hay\ A' (as in (lA), 

O (as in Qr\ ff {as in tf/t), 00 (as in cool\ 

arc pronounced successively, it will be found that they 
may be all formed out of the sound produced by a con- 
Vinuous expiration, ihe mouth being kept open* but the 
form of its aperture, and the extent to which the lips arc 
thrust QUt or drawn in so as to lengthen or shorten the 
distance of the orifice from the larynx, being changed for 
each vowel* It will be narrowest, with the lips most 
drawn back, in A', widest in A\ and roundest, with the 
lips most protruded, in f?0, 

Certairi consonants also may be pronounced l.ithout 
inteimpting tVe current of expired air, by modification of 
the form of the throat and mouth, r 

Thus the aspirate, H, is the result of a litSe extra ex¬ 
piratory force—a sort of incipient cough, S and Z, Sh 
and y (as in jugular = G soft, as \xigeniry\ Tk^ A, J?, 
may likewise all be produerf by continuous currents of 
air forced through the mouth, the shape of the cavity of 
which is peculiarly modified by the tongue and lips, 

27- All the vocal sounds hitherto noted so far resemble 
one another, that their production does not involve the 
**^oppage of the current of air which traverses either of the 
modulating passages. 
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Diit the sounds of M and N can only be formed by 
blocking the current of air which passes .through the 
mouth, while free passage is left through the nose. For 
il/, the mouth is shut by the lips ; for /V, by the application 
of the tongue to the palate. 

23 , The other consonantal sounds of the F.nglish 
language are produced by shutting the pass-tge through 
both nose and mouth ; and, .as it were, forcing the otpira- 
tory vocal current througli the obstacle furnished by the 
Litter, tlie character of which obstacle gives each consonant 
its peculiarity. Tims, in producing the consonants*/? 
.md the mouth is shut by the lips, which are then forced 
open in this explosive manner. In 7 " and the mouth 
f.assiigc is suddenly barred by the applicatinnpof the point 
of the tongue to the teeth, or to the front part of the palate ^ 
while in K and G (hard, as in go) the middle and back 
of the tongue are similarly forced against the back part of 
tlic palate* 

29, An artificial larynx may be constructed by properly 

adjusting elastic bands, which take the place of the vocal 
chonJs I and, when a current of air is forced through these, 
clue regulation of the tension of the b^j.nds will give rise ti 
all the notes of the human voice. As each vowel and 
consonantal sound is produced by the modification of the 
length and form of the cavities, which lie over ihS natural 
larynx, so, by placing over the artificial larynx chambers 
to which any requisite shape can be ^ven, the various 
letters may be sounded. It is by attending to these facts 
and principles that various speaking machines l^^ve been 
constTOCted. ' ♦ 

30. Although the tongue is credited with the respon¬ 
sibility of^spccch, as the ‘‘unruly member/' and undoubtedly 
takes a very important share in its production, it is not 
absolutely indispensable. Hence, the apparently fabulous 
stories of people who have been* enabled to speak, after 
their tongues had been cut out by the cruelty of a tyrant, 

^ or persecutor, may be quite true. 

Some years ago I had the opportunity of examining a 
person, whom I will call Mr. R., whose tongue had been 
removed as completely as a skilful surgeon could perforitr 
the operation. When the mouth was widely opened, the 
trimwtcd face of the stump of the tongue, apparently 
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covered with new mucous mtmbrane, was to be seen, 
occupying a position as far back as the level of the an¬ 
terior pillars of the fauces. The dorsum of the tongue 
was visible with difficulty j but I believe I could discern 
some of the circumvailate papillie upon it. None of these 
were visible upon the amputated part of the tongue, which 
had been preserved in spirit; and which, so far as I could 
judge, was about inches long* 

When his mouth w"as open, Mr* R* could advance his 
tongue no further than the position in which 1 saw it; but 
hd informed me that^ when his mouth was shut, the stump 
of the tongue could be brought much more forward* 

Mr* R/s conversation was perlcctly intelligible ; and 
such word9^ as thinks they cowy killy were well and clearly 
pronounced* But tin became fin; tack5_A^<r^ or pack; 
toll, pool; dog, th&g; dine, vine; dew, thew; cat, catf; 
Hiatl, matij; goose, gooth; big, pig, bUhy pich^ with a 
guttural ch* 

In fact, only the pronunciation of those letters the 
formation of which requires the use of the tongue was 
affected ; and, of these, only the two which involve the 
employment of its Jip were absolutely beyond Mr* R.'s 
power* He converted all and into /'j, t/V, ot 
Th was fairly given in all cases ; s and shy I and r, 
with mdte or less of a lisp. Initial and Es were good; 
but were all more or less guttural* In the former 

case, the imperfect stoppage of the current of air by the 
root of the tongue was of no moment, as the sound ran on 
into of the following vowel ; while, when thj' letter 
was termjnalyiithL defect at once became apparent. ^ 
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LKSSON vni. 

T/O.VS AND SENSORY ORGANS, 

m 

* 

1. The agent by which all the motor organs {except the 
cilia) described in the preceding Lesson are set at work, 
is muscular fibre. But, in the living body, muscular 
fibre is made to contract only by a change which takes 
place in the moier or efferent nen^e^ which is distributed to 
Jt. This change again is effected only by the activity of 
flic central nervous organ^ with which the motor nerve is 
connected. The central organ is thrown into activity* 
immediately, or ultimately, only by the influence of 
changes which take place in the molecular condition of 
nerves, called sensory or afferent^ which are connected, on 
the one hand, with the central ofgan, and, on the other 
hand, with some other part of the body. Finally, the 
alteration of the afferent nerve is itself produced only by 
changfs m the condition of the part of the b<jifiy with 
which it is connected ; which changes uSuafly result from 
external unpressions. 

2 * Thus the great majority (if not the whole) of the 
movements of the body and of its parts, are the effect of 
an influence (technically tenned a stimuhts or irritation) 
applied directly, or indirectly, to the ends of afferent 
nerves^ and giving rise to a molecular change, which is 
propagated along their substance to the central nervous 
organ with which they are connected. The molcjplar 
activity of the afferent nerve communicates itself to the 
central organ, and is then transmitted along the motor^ 
nentes, which pass from the central organ to the muscles 
afTecfed* And, when the disturbance in the molecular 
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condition of the efferent nerves reaches their extremities^ 
it IS communicated to the muscular fibres, and causes 
their particles to Cake up a new pQsition, so that each fibre 
shortens and becomes thicker* 

3* Sucli a scries of molecular changes as that just 
described is called a reflex action- disturbance 
caused by the irritation being as it were reflected back, 
along the motor nerves, to the muscles, 

A reflex action, strictly so callcti, takes place without 
our knowing anything about it, and hundreds of such 
attions are going on continu.ally m our bodies without our 
being aware of them. But it very frequently happens that 
we learn that something is going on, when a stimulus 
affects our afferent nerves, by having what we call a 
feeling or sensation. We class sensations along with 
emoitons^ and volitions^ and thoughts^ under the common 
head of states of consciousness. But what consciousness 
is, we know not ; and how it is that anything so remark¬ 
able as a State of consciousness comes about as the result 
of irritating nervous tissue, is just as unaccountable as any 
other ultimate fact of nature. 

^ 4. Sensations are of very various degrees of definiteness. 

Some arise within ourselves, we know not how or where, 
and remain vague and undefinablc. Such are the sensa* 
tions ctf uncoinfortabkness^ or faintness^ of fatigue^ or of 
rest/essness. We cannot assign any particular place to 
these sensations, which are very probably the result of 
affections of the afferent nerves in general brought about 
by the state of the blood, or tliat of the tissues in which 
they art; distributed* And however real these sensations 
may be, and however largely they enter* into the sum of 
our pleasures and pains, they tell us absolutqjy nothing of 
the external world. They are not only dtflitse^ but they are 
also subjective sensations, 

5, What IS termed the muscular sense is less vaguely 
localised than the preceding, though its place is still tnca- ^ 
pable of being very accurately defined. This muscular 
sensation is the feeling of resistance which arises when 
any kind of obstacle is opposed to the movement of the 
body, or of any part of it \ and it is sometliing 
quite different from the feeling of contact or even of 
pressure. 
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Lay one hand flat on its 6ack upon a table, an(J rest a 
disc of cardboard a couple of inches in diameter upon the 
ends of the ontstreichet^ fingers ; the only result will be a 
scuHation of contact —the pressure of so light a body being 
inappreciable, but put a two-pound weight upon the card- 
boardj and the sensation of contact will be accompanied, 
or even obscured, by the very different feeling of pressure. 
Up to this moment the fingers and j|rm have rested upon 
the tabic ; but now let the hand be raised from the table, 
and another new feeling will make its appearance—that of 
resistance to efforts 'I'his feeling comes into existcjicc 
with the exertion of the muscles which raise the ann, anti 
is the consciousness of that exertion given to us by llie 
muscular sense. * 

Anyone who raises or carries a weight, knows well 
enough that he has this sensation ; but lie may be greatly 
puzzled to say where he has it. Nevertheless, the sense 
itself is very delicate, and enables us to form tolerably 
accurate judgments of the rehitivc intensity of resistances, 
Persons who deal in articles soM by weight, are constantly 
enabled io form very precise estimates- of the weight of 
such articles by balancing them in their hands ; and in « 
this ca5e, they depend in a great measure upon the mus¬ 
cular sense. 

6 * In a third group of sensations, each feelvn^f, as it 
arises, is assigned to a definite part of the body, and is 
produced by a stimulus applied to that part of 4 he body ; 
but the bodies, or forces, which are competent to act as 
siimuliwire very various in character. Such are thg sensa¬ 
tions 01 touchy which is restricted to 1th# integument 
covering t^e surface, and to some portions of the mem¬ 
branes lining the internal cavities of the body ; and of 
taste and smelf^ which are similarly confined to certain 
regions of the mucous membrane of the mouth and nasal 
cavities. 

Any portion of the body to which a sensation is thus 
restricted is called a sensory organ. 

And lastly, in a fourth group of sensations, each feeling 
requires for its production the application of a single kind 
of stimulus to a very specially modified part of the integu-''" 
ment. The latter serves as an intermediator between the 
physi(Kil agent of the sensation and the sensory nerve, 
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which ^ to convey to the brain the impulse necessary to 
in it- that state of consciousness which we call the 
sensation. Such are the sensatiops of sijfAf and /leann^. 
The physical aj^ents which can alone awaken these sensa¬ 
tions (under natural circumstances) are light and sound* 
The modified parts of the integument, which alone are 
competent to intermediate between these agents and the 
nerves of sight and hearing, arc tlie and the ear, 

7* In every sensory organ it is necessary to distinguish 
tjte terminal expansion of the affcrciu or sensory nerve, 
and the structures which intermediate between this ex¬ 
pansion and the physical agent which gives rise to the 
sensation* 

And in £:acli group of special sensations there are cer¬ 
tain phenomena which arise out of the structure of the 
organ, and others which result from the operation of 
the central apparatus of the nervous system upon the 
materials supplied to it by the sensory organ. 

8, The sense of Touch (including that of heat and 
cold) is possessed, more or less acutely, by all parts of 
5 the free surface of the body, and by the walls of the 
mouth and nasal passages. 

Whatever part possesses this sense consists of a mem¬ 
brane (integumentary or mucous) composed of a deep 
layer made up of fibrous tissue, containing a capillary 
^network and tJie ultimate terminations of the sensory 
nerves; and of a superficial layer consisting of epi- 
thelialipr epidermic cells, amon^ which are no ve^seis. 

Wherever^hi sense of touch is delicate, the deep layer 
is not a mere flat expansion, but is raised up jnto multi¬ 
tudes of small, close-setj conical elevations (set? Fig. 32), 
which are called papiltm. In the skin, the coat of epi¬ 
thelial or epidermic cells does not follow the contour of 
these papilla;, but dips down between them and forms a 
tolerably even coat over them. Thus, the points of the 
papillse are much nearer the surface than the general 
plane of the deep layer whence these papillee proceed. 

Loops of vessels enter the papillae, and the fine ultimate 
"terminations of the sensory nerve-fibres distributed to 
the skin terminate in them, but in what way has not 
been thoroughly made out* 



VI ri.] l-OUCH. 191 

• 

In certain cases, the delicate fibrous sheath, neuri- 
Itmma^ of the nerve which enters the papillii, enlarges 
in the papilla into aa oval swelling, which is called 
a taciile corpusch (see Lesson XII.)* These corpuscles 
are found m the papillae of those localities which are 
endowed with a very delicate sense of touch, as in llie 
tips of the fingers, the point of the tongue, &c. 

9. It is obvious, from what been said, that no 
direct contact takes place between a body which Is 
touched and the scnsoiy nerve,—a thicker or thinner layjr 
of epithelium, or epidermis, being situated between the 
two. Tn fact, if thU layer is removed, as when a 
surface of the skin has been blistered, contact with 
the raw surface gives rise to a sense of p^in, not to 
one of touch properly so called. Thus, in touch, it 
is the epidermis, or epithelium, which is the intermediator 
between the nerve and the physical agent, the external 
pressure being transmitted through the horny cells to 
the subjacent ends of the nerves, and the kind of impulse 
thus transmitted must be modified by the thickness and 
character of the cellular layer, no less than by the forms 
and number of the papilla:. • • 

la Certain very curious phenomena appertaining to 
the sense of touch, are probably due to these ^arying 
anatomical arrangements. Not only is tactile sensibility 
to a single impression much duller in some parts than 
in others—a circumstance whicli might be readily ac¬ 
counted for by the different thickness of the epidermic 
layer—J^ut the power of distinguishing doubly simul¬ 
taneous impressions is very different, l^uf, if the ends 
of a pair compasses (which should be blunted with 
pointed pieces of cork) are separated by only one-tenth 
or one-twelfth of an inch, they will be distinctly felt 
as two, if applied to the tips of the fingers ; whereas, 
if applied to the back of the hand in the same way, 
only one impression will be felt ; and, on the arm, 
they may be separated for a quarter of an inch, and 
still only one impression will be perceived. 

Accurate experiments have been made in different 
parts of the body, and it has been found that two points' 
can be distinguished by the tongue, if only one-twenty- 
fourtle of an inch apart; by the tips of the fingers if 
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uiic-twelfth of an inch distant; while they may be one 
inch dislaiu on the cheeky and even three inches on 
the back, and still give rise to only one sensation. 

II, The feeling of warmth, or cold, is the result of 
an excitation of sensory nerves distributed to the skin, 
which are probably distinct from those which give rise 
to the sense of touch* And it would appear that the 
heat must be transmitted through the epidermic or epithe¬ 
lial layer, to give rise to this sensation ; for, just as touch¬ 
ing a naked nerve, or the trunk of a nerve, gives rise 
only to pain, so heating or cooling an exposed nerve, or 
the ti'unk of a nerve, gives rise riot to a sensation of heat 
Of cold, but simply to pain. 

Again, the sensation of heat, or cold, is relative rather 
than absolute. Suppose three basins be prepared, one 
filled with ice-cold water, one with water as hot as can 
be borne, and the third with a mixture of the two. If 
the hand be put into the hot-water basin, and then 
transferred to the mixture, the latter will feel cold; but 
if the hand be kept awhile in the ice-cold water, and 
then transferred to the very same mixture, it will feel 
I, warm* 

Like the sense of touch, the sense of warmth varies 
in delicacy in different parts of the body. 

The bheeks are very sensitive, more so than the Kps; 
the palms of the hands are more sensitive to heat than 
their backs* Hence a washerwoman holds her flat-iron 
*to her cheek to test the temperature, and one who is 
cold spreads the palms of his hands to the Are* 

13 . The c-gaii of the sense of Tastk is the mucous 
membrane which covers the tongue, especially its back 
part, and the hinder part of the palate. Liift that of 
the skin, the deep, or vascular, layer of the mucous 
membrane of the tongue is raised up into papillae, but 
these are large, separate, and have separate coats of 
epithelium* Towards the tip of the tongue they are 
for the most part elongated and pointed, and are called 
filiform; over the rest of the surface of the tongue, 
these are mixed with other laiger papillae, with broad 
ends and narrow bases, called fungijorfn; but towards its 
root there are a number of large papillse, arranged in the 
figure of a V with its point backwards, each of which 
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is like a fungiform papilla surrounded by a wall* ■ These 
arc tjic circumvallate papitlai (Fig, 61, C.p.). ' The laiger 
of these papilla have aibordinate small ones upon their 
surfaces. They are very vascular, and they receive 
nervous filaments from two sources, the one the nerve 



FlO. 61.—Tlitt MoUTlr WIDEL.V OPENEU TO SHOW THE TONGL/E AHU 

Palate. 

f/v. the uvula; 7>t* the tuntd.1 between the atitctior and poiteiior oT 

the fauces ^ C,p. circumvatbite papLlLs; funglfortn papIlUe. The nu- 
nute hlifoirm tKtptlls cover the intcrspsioea between these. On the right 
side the tongue u paxtiaJly dissected to thow the course of the Hlametits of 
the giossophjtryngeaL nervCp VIIL 

called gloss^>phaiyng€al^ the other the gustatory^ which is. 
a branch of the fifth nerve* (See Lesson XL g i&) The 
latter^chiefly supplies the front of the tongue, the former 
its hack and the adjacent part of the palate : and there 

O 
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is reason to believe that it is the latter region which 
is more especially the seat of the sense of taste. 

The great majority of the sensations we call taste^ how- 
ever, are in reality complex sensations, into which smell 
and even touch largely enter. When the sense of smell 
is interfered with, as when the nose is held tightly pinched, 
it is very difficult to distinguish the taste of various ob¬ 
jects. An onion, for instance, the eyes being shut, may ^ 
then easily be confounded with an apple. 

13. The organ of the sense of Smeli, is the delicate 
mucous membrane which lines a part of the nasal cavities, 
and is distinguished from the rest of the mticous mem¬ 
brane of these cavities—firstly, by possessing no cilia ; 
secondly, by receiving its nervous supply from the olfac¬ 
tory, or first, pair of cerebral nerves, and not, like the rest 
of the mucous membrane, from the fifth pair. 

Each nostril leads into a spacious nasal chamber, sepa* 
rated, in the middle line, from its fellow of the other side, 
by a partition, or septum^ formed partly by cartilage and 
partly by bone, and continuous with that partition which 
separates the two nostrils one from the other. Below, each 
''nasal chamber is serrated from the cavity of the mouth by 
a floor, the bony p^te (Figs. 62 and 63); and when this 
bony palate comes to an end, the partition is continued 
down to the root of the tongue by a fleshy curtain, the 
soft palate, which has been already described. The soft 
palate and the root of the tongue together, constitute, under 
ordinary circumstances, a moveable partition between the 
mouth rnd the pharynx, and it will be observed that the 
opening of th'i* larynx, the lies behind the partition ; 

so that when the root of the tongue is applied (4ose to the 
soft palate no passage of air can take place between the 
mouth and the pharynx. But in the upper part of the 
pharynx above the partition arc the two hinder openings 
of the nasal cavities (which are called nares) 

seixaxated by the termination of the septum ; and through 
these wide openings the air passes, with great readiness, 
from the nostrils along the lower part of each nasal chamber 
to the glottis, or in the opposite direction. It is by means 
of the passages thus freely open to the air that we breathe, 
as we ordmarity do^ with the mouth shut. 

Each nasal chamber rises, as a high vault, far aboVe 
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Fitj. 62. — VEiiTifAt LfJNi^iTuniNAi, Sections ov^ the Nasai, Cami'v, 

Tlic iip^cr ftsu>^ represents the miier wall uf the left nawil cavity; the 
lii^tire tlie right aide of the middle pxrdtluti, or »r tliu 

nrwc, which forms the inn'^jr wall of the right nasal cavity* /* theoffautnry 
nerve and its. branches; V, branches of the fifth nerve ; Pn* the palate^ 
which separates the nasal cavllyfrom that of the mouth ; 7'. the sufurifir 

tiirbiual hone f 7^^ the ini'^dhG turliina]; /. P* the inferior ttirblnah 'J'bc 
leUcr / is placerl in the cerebral cavity ; and the pbilition On which the 
vl^ctory iobe rehts^ and through whkU the filamenuol the olfactory nv scs 
pasfrj is the cribriform plate. 


O 2 
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Jcvel of the arch of the posterior narcs—in fact, about as 
high as the depression of the root of the nose. The upper¬ 
most and front part of its roof, between the eyes, is formed 
by a delicate horizontal plate of boncj perforated like a 
sieve by a great many small holesj and thence called the 
cribriform plate (Fig. 63, CV.)* It is this plate (with the 
membranous structures which line its two faces) alone 
which, in this region, separates the cavity of the nose from 
that which contains the orain. The olfactory lobes which 
arc directly connected with, and form indeed a part of, the 
bra^n, enlarge at their ends, and their broad extremities 
rest upon the upper side of the cribriform plate ; sending 
immense numbers of delicate filaments, the olfactory nerves, 
through it torthe olfactory mucous membrane {Fig. 62). 

On each wall of the" septum this mucous membrane 
forms a flat expansion, but on the side walls of each nasal 
cavity it follows the elevations and depressions of the 
inner surfaces of what are called the upper and middle 
turbinal, or spongy bones. These bones are called spongy 
because the interior of each is occupied by air cavities 
separated from each other by very delicate partitions only, 
a^d communicating ^ith the nasal cavities. Hence the 
bones, though massive-looking, arc really exceedingly 
light and delicate, and folly deserve the appellation of 
spongy (Fig. 6j). 

There is a third light scroll-like bone distinct from these 
two, and attached to the maxillary bone, which is called 
the inferior turbinal, as it lies lower than the other two, 
and imperfectly separates the air passages from the pj^oper 
olfactory Shamter'JFig. 62), It is covered by the ordinary 
ciliated mucous membrane of the nasal pass^^e, and 
receives no filaments from the olfactory nerve {Fig. 62). 

14. From the arrangements which have been described, 
it is clear that, under ordinary circumstances, the gentle 
inspiratory and expiratory currents will flow along the 
comparatively wide, direct passages afforded by so much 
of the nasal chamber as lies below the middle turbinal j 
and that they will hardly move the air enclosed in the 
narrow interspace between the septum and the upper 
, and middle spongy bones, which is the proper olfactory 
chamber. 

If the aiF currents are laden with particles of odorous 
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matterj they can only reach the olfactory membrane by 
diffusing themselves into this narrow interspace ; and, if 
tlicre be but few of th^se panicles, they will run the risk 
<vf not reaching the olfactory mucous membrane at all, 
unless the air in contact with it be exchanged for some of 
the odoriferous air* Hence it is that, when we w^isji to 






Fifj. 63.—A I'lCANSVCRKH ANli Vj'^KTICAL Sl'XTlON OF THK OsSl^hus WALLS 
OF THli Nasal (jAVrW TAKiiN WICAHLY IMHOUCH TH*£ LinTKH I 1« 
IHK T-OJteC.OINL FlfJlJHi;.' 

1 

C>. the cribrironti pla;c : .V/A, M.T. the cliambered superiar and middle tiir- 
biimlbunc&j^n which and on tkc septum (.S^.nhi: liliiincnis uf the oLlactory 
her VC ure dis^tributed ; LT, the ulterior tvirbiiiul bone; PL the^latc ; Aft* 
the A/ktrum ur chamber which ocoipics the grcatAr of tne jpaailUiry 
bone and opens into tlic nasal cavity. 

perceive a faint odour more distinctly, we sniff, or snuff 
up the air. Each sniff is a sudden inspiration, the effect 
of which must reach the air in the olfactory chamber at 
the same time as, or even before, it affects tmt at the nos¬ 
trils ; and thus must tend to draw a little air out of that 
chamber from behind. At the same time, or immediately 
afterwards, the air sucked in at the nostrils entering with 
a sadden vertical rush, part of it must tend to flow directly 
into the olfactory chamber, and replace that thus drawn out« 
The loss of smell which takes place in the course of a 
bevcK cold may, in part, be due to the swollen state of 
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the mucoMS membrane ivhich covers the inferior lurbinal 
boncs^ which' thus impedes the passage of odoriferous air 
to the olfactory chamDcr* ■ 

15. The Ear, or organ of the sense of Hearing, is very 
tinich more complex than either of the sensory organs yet 
described. It will be useful to distingutsh the t'ssirritia/ 
parts of this compile a ted apparatus from certain other parts,, 
which, though of great assistance to the sense, are not 
a]>solut6ly necessary, and therefore may be called accessory^ 
The essential parts, on either side of the head, consist, 
substantially, of two peculiarly formed membranous bags, 
called, respectively, the membranous labynnfh and the 
sca/(i mediathe cochlea. Roth these bags are lodged 
in cavities which they do not completely fill, situated in 
the midst of a dense and solid mass of bone (from its 
hardness called petrosal), which forms a part of the 
temporal bone, and enters into the base of the skulh 
Each bag is filled with a fluid, and is also supported in 
a fluid which fills the cavity in which it is lodged* In the 
interior of each bag, certain smnJl, mobile, hard bodies 
are contained ; and the ultimate filaments of the auditory 
Servers arc so distributed upon the walls of the ba^s that 
their terminations must be knocked by the vibrations of 
these small hard bodies, should anything set thorn in 
motion. It is also quite possible that the vibrations of 
the fluid contents of the sacs may themselves suffice to 
affect the filaments of the auditoiy nerve; but, however 
this may te, any such effect must be greatly intensified by 
the co-oifcratip^ t^f the solid particles* ^ 

In bathing m a tolerably smooth sea, on a rocky shore, 
the movement of the little waves as they run^ckwards 
aii(l forwards is hardly felt by anyone lying down; but 
in bathing on a sandy and gravelly beacn, the pelting of 
the showers of little stones and sand, which are raised 
and let fall by each wavelet, makes a very definite impres¬ 
sion on the nerves of the skin* 

Now, the membrane on which the ends of the auditory 
nerves are spread cut is virtually a sensitive beach, and 
waves, which by themselves would not be felt, are readily 
perceived when they raise and let fall hard particles. 

Both these mernbranous bags arc lined by an epithe¬ 
lium, ' '* 
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The auditory nerve aflSr passing through the dense 
bone of the skull is distributed to certain regipns* of each 
bag, where its ultimate filaments come into peculiar con¬ 
nection with the epith^ial lining. The epithelium itself 
too at these spots becomes specially modified. In certain 
parts of the membranous labyrinth, for instance, the epi¬ 
thelium connected with the terminations of the auditory 
nerve is produced, into long, stiflF, Render, hair-like pro- 



Fr<;. 64.— DiAGRAhf to ilmjstkatr the Termination of tbs Audi- 

TORY NeRVK IK ah AMJ^CLLA. 

r. I'lie of thfi ainpuHa* 11. TTie membranous wall^ the airt* 

pul La <m which the epithelium re^U. ■ A 

A, a rilament of the auditory running through the wall of the am* 

imlhi and L^alcing up into a fine network 0) in the epithelium ; epithe¬ 
lium ccLI with long stiff hair-Uke filamentj d (this cell is supposed by 
some to be directly eontiniimiR with the nerve network) ; a cells, not bear¬ 
ing fitamentH, placed by the aide of, and supporting uie filament-bearing 
cells; /, a dee^rtr l^er of smaller cells* 


cesses (Fig, 64, d\ which project into the fluid fiUio^ the 
bag, and which therefore are readily affected by any vibra¬ 
tion of that fluid, and communicate the impulse to the ends 
of the nerve. In certain 01 her parts of the same labyrinth 
these hairs are scanty or absent, but their place is supplied 
by minute angular particles of calcareous sand (called 
otocoma or lying the fluid of the bag. 
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These, driven by the vibrations of that fluid, strike the 
epithelium and so affect the auditory nerve. 

In the seal a medta of the cochlea, minute, rod-like 
bodies, called the fibres of Corti^ and which are peculiarly 
modified cells of the epithelial lining of the scala, appear 
to serve the same object. 

l6- For simplicity’s sake, the membranous labyrinth 
and the scala media have hitherto been spoken of as'If 
they were simple bags ; but this is not the case, each bag 
having a very curious and somewhat complicated form. 
{Figs. 65 and 66.) 



Fig, Cf.—T he Membranous I^btkjnth, twice the Natural Size, 

Ut, the Utruuhts^ or part of ibe veqtibolar sac, into which Ihc Remicircivlar 
canals op«n; the ampul tec; anterior vertical setnkircular 

canal r /}■ K posterior vertical semiclrculvr canal; //. horizontal scmiclr* 
cular cmal. The sacculus is not seeiif as in the position in which the 
labyrinth b drawn the saccuLus lbs behind the utriculus, ‘J'he white 
cirdes on the ampuils of the posterior vertical and horizon ul canab indi¬ 
cate the cut endfi of the branches of the nudicojy nerve ending in those 
ampulliG ; the branches to the ampulla of the anterior vertical canal are 
Aeen in the space embraced by the canal, as b also the branch to 
utriculii^ ^ 

This form is also followed to a certain ex(gnt by the 
bony casing of the cavity in which each is lodged. Thus 
the membranous labyrinth is surrounded by a bony laby^ 
rinth^ and the scala media is only a part of an intricate 
structure called the cocMm. The bony labyrinth and 
cochlea with all the parts inside each constitute together 
what is called the internal ear. 

The membranous labyrinth (Fig, 65) has the figure 
of an oval vestibular sacy consisting of two parts, the one' 
called utrieuluSj the other sacculus hemisphericus. Ihe 
hoop-1 ike semicircular tanals open in to the.utri cuius. Th ey 
are three in number, and, twoteing vertical, are called the 
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<\nUriQr (^,^0 and posterior {P,V,) vertical semicircular 
cinah; while the third, lying outside, njid hnrizontaUy, is 
termed the erternal korizontal semicircular canal {H), 
Dne end of each of these canals is dilated into what is 
called an ampulla {A), 

It is upon the walls of these ampulla and those of the 
vestibular sac tliat the branches of the auditory nerve are 
distributed. , 

In each ampulla the nervous filaments maybe traced 
to a transverse ridge caused by a thickening of the con¬ 
nective tissue which forms the walls of the 'canal (as well 
as of all other parts of the membranous labyrinth), and also 
by a thickening of the epithelium. Some of the epithelium 
cells arc hero prolonged into, the fine hair-likc processes 
described above. It is probable that these cells are 
specially connected with the terminations of the nerve 
filaments. 

In the vestibule arc simijar but less marked ridges, or 
patches; here, however, the hair-likc prolongations of the 
epithelium cells arc absent or scanty, but, instead, otolithe$ 
are found in the fluid. 

The fluid which fills the cavities *of the semicircular* 
canals and utriculus is termed cndolympli. That which 
separates these delicate structures from the bony chambers 
in which they arc contained is the perilymphs ^ach of. 
these fluids is little more than water. 

17. In the scala media ^ of the cochlea tht primitive 
bag is drawn out into a long tube, which is coiled two and 
a halfjiincs on itself into a conical spiral, and ^ies in a 
much wider chamber of corresponding fflrmf excavated in 
the petr(jps bone in such a way as to leave a central 
column of bony matter called the modiolus. The scala 
media has a triangular transverse section (Fig. 66), being 
bounded above and below by the membranous walls which 
converge internally and diverge externally. At their con¬ 
vergence, the walls are fastened to the edge of a thin 
plate of bone, the lamina spiralis {L,Ss Fig, 66), which 
winds round the modiolus. At thrfr divergence they are 

' I employ this term ^ the equivalent of cttnnlh cochharh. The tnie 
nAttire and connections of these have only recently been properly 

worked outt and the nccofunt now siven will be found to be somewhat 
ferent from tlut in the Arst editiun of this work. See paiticulady the 
explaullt^ii of Fig^ 67, 
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fixed to the wall of the containing bony chamber, which 
thus becomes divided into two passages, communicating 
at the summit of the spire, but elsewhere separate. These 
two passages are called respectively the scaia iympani 
and scaia vestibuH^ and are filled with perilymph. 

The scaia media, which thus lies between the other two 
scalar, opens below, or at the broad end of the cochlea,:by 
a narrow duct into the sacculus hemisphcricus, but at its 
opposite end terminates blindly, {Fig. 70,) 



Fic, 66,—A Section TiiRaucK tub Ajos av tub CochcbAj m^gnifiru 

* TlEKlCe DiAUKTENS, 

Mala media ; scaia vebtibull: Sc/J'* scaia tympani; L,S. lamiita 

;i Mii. bony axis, or modioLub, round which liie scalx are wnunii ; 

CJV. cochlear nerve, 

t That branch of the auditory nerve which goes to supply 
the cochlea, enters the broad base of the central column 
or modiolus, and there divides into branches, which, 
spreading ovk in a spiral fashion in channels excavated 
in the bony tissue, are distributed to the lamii^ spiralis 
throughout its whole length. They do not end here ; but 
in any section of the lamina spiralis (Fig, 66, L. 6 \) they 
may x found running outwards from the central column 
across the lamina towards the angle of the scaia media, 
in which indeed they become finally lost 
The upper wall of the scaia media, that which separates 
it from the scaia vestibuli, is called the membrane 
Reissfm\ The opposite or lower wall, which scpai:ates it 
from the scaia tympani, is the basilar membrane. The 
latter is very elastic, and on it rest the Jibres af Corti 
(C C, Fig. 67), each ctf which is composed of two filaments^ 
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Fig G7,™‘A SkCTiOM thhough that Wall op- tjiji ** ScAiJi Madia ” 
OF TtlE CqCHLAA WittCH LIES NUXT TO THS ScALA IVUVANI, 


lliat end of the lamina s^plraJi'^ which pa»!C^ into the inner wall, pillar, or 
modid^ of the bony cochlea j £, the outer wall of the bony cocHtea ; Sta, 7\ 
the cavity of the scala tympani j Sea. M. the cavity of the scala media ; 
the daiiic haaibr membrane which separates the scala media from the scahi 
tympini; F. a vessel which ties in thn^ cut through; 0 ^ the so-^calledmtm- 
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joined at an angle. An immense number of these filaments 
are set side by side, with great regularity, throughout the 
whole length of the scala media, that this organ pre¬ 
sents almost the appearance of a key-board, if viewed from 
either the scala vesubuli or the scala tympani. These 
fibres of Certi lie among a number of epithelium cells 
forming the lining of the scala media at this part, and 
those cells which arc close to the fibres of Corti have a 
peculiarly modified (onn. The ends of the nerves have 
not yet been distinctly traced, but they probably come into 
efose relation either with these fibres or with the modified 
epithelium cells lying close to them, which are capable 
being agitated by the slightest impulse. 

18. These essential parts of the organ of hearing are, 
we have seen, lodged in chambers of the petrous part of 
the temporal bone. Thus the membranous labyrinth is 
contained in a Ifony labyrinth of corresponding form, of 
which that part which lodges the sac is termed the ves¬ 
tibule^ and those portions which contain the semicircular 
canals, the bon^ semicircular canals^ And the scala 
media is contained in a spirally-coiled chamber, the 
L cochlea, which it divides into two passages. Of these, 
one, the scala vestibidi^ is so called because at the 
broad^end or base of the cochlea it opens directly by a 
wide aperture into the vestibule; by this opening th 
perilymph which fills the vestibule and bonj^ semicircula 
* canals andsurroimds the membranous labyrinth, is put m 
free communication with the perilymph which fills tin- 
scala v^stibul] of the cochlea, and, by means of the com¬ 
munication ^vhidi exists between the two scalGe''at the 
summit of the spire, with that of the scala tymphni' also* 

In the fresh state, this collection of chambers in the 
petrous bone is perfectly closed ; but in the dry skull 
there are two wide openings, termed fenestreSy or windows, 
on its outer wall; />. on the side nearest the outside 
of the skull* Of these fenestrae, one, termed avails ^the 


brarc of Corti \ C C\ tht fibres of Corti ? VIL the filaments of the andirory 
nerve* It doubtful whether the membrnne of Corti really has the exteiit 
aod connectton>t given to it in this which must not be taken fur more 

than a general represantatioti nf the diKpo*-itioii of the paru. I'be membrane 
of RcLsaner. whi^ sepuates the dcala media frum the scab vestlbuli, is not 
reprieM;itC4hl t 
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oval window), is situated in the wall of the vestibular 
cavity ; the other, rotunda (the round window), behind 
and ^low this, is the •open end of the scala tpnpani at 
the base of the spire of the cochlea* In the {resh state, 
each of these windows or fenestrse is closed by a fibrous 
membrane, continuous with the periosteum of the bone* 



FlC. VERSE SECI'lflK TUftOUrrIt THl^ SlDK TJtt SkULL 

# TO SHOW THE PaRTS of KaS,. * # 


Ca. CoAcliA dr external car ; external auditory mcatui; Ty.M* tym 








anterior^ posterior, and external semicircular canaU; Cev. cochlea; JStt. 
Kustacliian tube; /. J/* internal auditory meatus, through which the audi¬ 
tory nerve paases to the organ of hearing* 


The finestra rotunda is closed only by membrane ; but 
fastened to the centre of the membrane of the finestra 
ovatiSf so as to leave only a narrow margin, is an oval 
plate of bone, part of one of the little bones to be 
described shortly. 

19* The outer wall of the internal ear is still far away 
from the exterior of the skulls Between it and the visible 
openiu^jof the ear, in fact, are placed in a straight line. 
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first, the drum of the ear, or iyinpanumj secondly, the 
long extcmiil passage^ or meatus (Fig* 68)* 

The drum of the ear and the pxtemal meatus, which 
together constitute the middle ear, would form one cavity, 
were it not that a delicate membrane, the tympanic mem¬ 
brane {Ty^M, Fig, 68), is tightly stretched in an oblique 
direction across the passage, so as to divide the compara¬ 
tively small cavity of,the drum from the meatus. 



FiCr- Tan THfi Drum of thk Ear siifn fhom tni; 

Side, WITH the Bonrs of the Eaui Aitfn thk Waija 

OF thh I'vmfanom, with thb Air-chu.s in thi£ Ma^toio Part ttv 

THE TeMFOKAL BoNH. 

I*! 

M.Cf in^oid cells j Afa/t niaUeiis? iticu^; St stapes ; A, Imes drawn 
thnougli the Koruaiital axis on which ihe malleus and incus turn. 

H 

The metiSbrane of the tympanum thus prevents ahy 
communication by means of the meatus, betwem the drum 
and the external air, but such a communication is pro¬ 
vided, though in a roundabout way, by the Eustachian 
tube (Eu. Fig. 68), which leads directly from the fore part 
of the drum inwards to the roof of the pharynx, where it 
opens 

20 , Three small bones, the auditon^ ossicles, tie in the 
cavity of the tympanum* One of these is the stt:^es^ a 
small bone shaped like a stirrup* It is the foot-plate ot 
this bone which, as already mentioned, is firmly fastened 
to the membrane of the fmesira ovahs, while its hoop 
{projects outwards into the tympanic cavity (Fjg,,69>i 
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Another of these bones is the fnaiieus {Mail. Figs* 68, 
69, 70), or hammer-bone, a long process of which is simi- 
liirly fastened to the inner side of the tympanic membrane 
(Fig. 70), and a very much smaller process, the slender 
process, is fastened, as is also the body of the malleus, 
to the bony wall of the tympanum by ligaments* 'fhe 



Fig. a Diagram rM.dSTFATJVH of the rfcative Positions of the 

vARmos Parts of thb Lar. ^ 

RvAL external: auditory mentus; Ty,M tympanic miimbraTie ; Ty. tym* 
pariiiin i J^iL malleu!! r Jnc. incus i Sip Atape:; \ F*&. feucstra ovauii * 
F.r fenestra rotunda; /tn. Kustachian lube: J/.Z,* membranoua laby¬ 
rinth, only one semicircuht canal uitb its ampulla being represented^ 
.Vfit, K., iSVrt.T.. i’t-rt. j/.p the seals: of tbc cochlea, which is supposed to be 
, unrolled. 


rounded sjinface of the head of the malleus fits into a cor¬ 
responding pit in the end of a third bone, the ittcus or 
anvil bone, which has two processes—one, horizontal, 
which rests upon a support afforded to it by the walls of 
the tympanum ; while the other, vertical, descends almost 
parallel with the long process of the malleus, and articu¬ 
lates ikh the stapes, or rather unites with a little bone. 
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the os orbkHlnre^ which articulates with the stapes (Figs. 
69 and 70)*' 

The three bones thus form a chain between the fenestra 
ovalis anti the tympanic membrane ; and the whole scries 
turns upon a horizontal axis, the two ends of which, formed 
by the horizontal process of the incus and the slender 
process of the malleus, rest in the walls of the tympanum, 
'J'he general direction of this axis is represented by the 
line a b in Fig. 69, or by a line perpendicular to the plane 
of the paper, passing through the head of the malleus in 
Fig, 70, It follows, therefore, that whatever causes the 
membrane of the drum to vibrate backwards and for¬ 
wards, inu^t force the handle of the malleus to travel 
in the s:mie way* This must cause a corresponding 
motion of the long process of the incus, the end of which 
must drng the stapes backwards and forwards* And, as 
this is fastened to the membrane of the fenestra ov^is, 
which is in contact with the perilymph, it must set this fluid 
vibrating throughout its whole extent, the thrustings in of 
the membrane of the fenestra ovalis being compensated 
by corresponding thrustings out of the membrane of the 
' fenestra rotunda, ahd vice versd. 

The vibrations of the perilymph thus produced will 
affect the etidolymph, and this the otolithes, hairs, or 
fibres; by which, finally, the auditory nerves will be 
p excited^ 

21* The membrane of the fenestra ovalis and the tym¬ 
panic membrane will necessarily vibrate the more freely 
the looa-jr t^jey are, and the reverse- But there rre two 
muscles—one, called the stapedius^ which pass^ from the 
floor of the tympanum to the orbicular bone, and the other, 
the tensor tympanic from the front wall of the drum to the 
malleus. Each of the musdes when it contracts tightens 
the membranes in question, and restricts their vibrations 
or, in other words, tends to check the effect of any cause 
which sets these membranes vibrating 
, 22* The outer extremity of the external meatus is sur¬ 
rounded by the concha or external ear (Ca. Fig. 68). a 
broad, peculiarly-shaped, and for the most part cartila¬ 
ginous plate, the general plane of which is at right angles 
with that of the axis of the auditoiv opening. The concha 
can be moved by most animals ana by some humane beings 
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in various directions by ni&ns of musclesj whicl\ pass to 
it from the side of the head. 

23. The manner in which the complex apparatus now 
described intermediates between the physical agent, which 
is the condition of the sensation of sound, and the nervous 
expansion, the affection of which alone can excite that 
sensation, must next be considered., 

All bodies which produce sound are in a state of vibra¬ 
tion, and they communicate the vibrations of their o^-n 
substance to the air with which they are in contact, and 
thus throw that air into waves, just as a slick waved back¬ 
wards and forwards in water throws the water into waves. 

The alTial waves, produced by the vibraticfhs of sono¬ 
rous bodies, in part enter the external auditory passage, 
and in part strike upon the concha of the external ear and 
the outer surface of the head. It may be that some of the 
latter in\pulfies are transmitted through the solid struc¬ 
ture of the skull to the organ of hearing ; but before they 
reach it they must, under ordinary circumstances, have 
become so scanty and^wcak, that they may be left out of 
consideration. « 

The aerial waves which enter the meatus all impinge 
upon the membrane of the drum and set it vijjrating, 
stretched membranes taking up vibrations from the air 
with great readiness, 

24, The vibrations thus set up in the membmne of the 
tympanum arc communicated, in part, to the air contained 
in the drum of the ear, and, in part, to the mallgus, and 

■ thence the other auditory ossicles. • • 

The vibrations communicated to the air of the drum 
impinge upon the inner wall of the tympanum, on the 
greater part of which, from its density, they can produce 
very little effect. Where this wall is formed by the mem¬ 
brane of the fenestra rotunda^ however, the communicatfon 
of motion must necessarily be greater* 

The vibrations which are communicated to the malleus 
and the chain of ossicles may be of two kinds : vibrations 
of the particles of the bones, and vibrations of the bones 
as a whole. If a beam of wood, freely suspended, 1:^-very 
gently scratched with a pin, its particles will be thrown 
into Estate of vibration, as will be evidenced by the sound 
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given out, but the beam itself will not be moved. Again, 
if a ijtroVig wind blow against the beam, it will swing 
visibly, without any vibrations of its particles among them¬ 
selves, On the other hand, if the beam be sharply struck 
with a hammer, it will not only give out a sound, showing 
that its particles are vibrating, but it will also sv^ing from 
the impulse given to its whole mass. 

Under the last-mentioned circumstances, a blind man 
standing near the boaiii would be conscious of nothing but 
the sound, the product of molecular vibration, or invisible 
oscillation of the particles of the beam ; while a deaf man 
in the same position, would be aware of nothing but the 
visible oscillation of the beam as a whole, 

25, Thus/to return to the chain of auditory ossicles, 
while it seems hardly to l^c doubted that, when the mem¬ 
brane of the drum vibrates, they may be set vibrating both 
as a whole and in their particles, it depends upon sub' 
sidiary arrangements whether the large vibrations, or the 
minute ones, shall make themselves obvious to the audi¬ 
tory nerve, which is in the position of our deaf, or blind, 
JTian, 

j The evidence at present is in favour of the conclusion, 
that it la the vibrations of the bones, as a whole, which arc 
the chief agents in transmitting the impulses of the aerial 
waves. 

For, in the first place, the disposition of the bones and 
-'the mode of their articulation are very mucli against the 
transmission of molecular vibrations through their sub¬ 
stance, while, on the other hand, they are extremely favour¬ 
able to tiieir I'-ibration en masse^ The long processes of 
the malleus and incus swing, like a pcndulum,^pon the 
axis furnished by the short processes of these bones ; while 
the mode of connection of the incus with the stapes, and 
of the latter with the edges of the fenestra ovalisj allows 
that bone free play, inwaras and outwards. In the second 
place the total length of the chain of ossicles is very small 
compared with the length of the waves of audible sounds, 
and physical considerations teach us that in a like small 
rod, similarly capable of swinging en masse^ the minute 
molecular vibrations would be inappreciable. Thirdly, it 
U afitrmed, as the result of experiments, that the bont 
called columella^ which, in birds^ takes the place ^ tht 
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chain of ossicles in man, ddbs actually vibrate as a whole^ 
and at the same rate as the membrane of the when 

aerial vibrations strike upon the latter, 

26, Thus, there is reason to believe that when the tym¬ 
panic membrane is set vibrating, it causes the process of 
the malleus, which is fixed to it, to swing at the same rate ; 
the head of the malleus consequently turns through a small 
arc on its pivot, the slender process. But the turning 
of the head of the malleus involves that of the head of the 
incus upon its pivot, the short process. In consequence 
the long process of the incus swings through an arc which 
has been estimated as being equad to about two-thirds of 
that described by the handle of the malleus* The extent 
of the push is thereby somewhat diminished, b»t the force 
of the push IS proportionately increased ; in so confined a 
space this change is advantageous. The long process, 
lujwevcr, is so fixed to the stapes that it cannot vibrate 
without, to a corresponding extent and at the same rate, 
pulling this out of, and pushing it into, the fenestra ovalis. 
But every pull and push imparts a corresponding set of 
shakes to the perilympji, which fills the bony labyrinth 
and cochlea, external to the membranous labyrinth and 
scala media. These shakes are communicated to the en- 
dolymph and fluid of the scala media, and, by the help of 
the otolithes and the fibres of Corti, are fina&y converted 
into impulses, which act as irritants of the ends of the 
vestibular and cochlear divisions of the auditory^ nerve* 

27* The difference between the functions of the mem¬ 
branous labyrinth (to which the vestibular nerve is distri¬ 
buted) iLnd those of the cochlea are not qiite ^ferlainly 
made out, but the following views have been suggested;— 

The mer&braTious labyrinth may be regarded as an ap¬ 
paratus whereby sounds are appreciated and distinguished 
according to .their intensity or quantity ; but which does 
not afford any means of discriminating their qualities- 
The vestibular nerve tells us that sounds are weak or 
loud, but gives us no impression of tone, or melody, or 
harmony. 

The cochlea, on the other hand, it is supposed, enables 
the mind to aiscriminate the quality ratner than the 
qu^tity or intensit^r of sound. It is suggested that the 
excitement of any single filament of the cochlear nerve 
■ pa 
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givc') iibc, in the mind, to a distinct musical impression ; 
and that every fraction of a tone which a wtll-trained ear 
is capable of distinguishing is Tcprescnted by its separate 
ncrvc-tlbia Under this view the scala medra resembles a 
key-board, in function, as well as in appearanccj the fibres 
of Corti being the keys, and the ends of the nerves repre¬ 
senting the strings which the keys strike. If it wvve 
possible to irritate each of thc^e nerve-fibres expet i- 
mcntally, we should be able to produce any musical tone, 
at,will, m the senscrium of the person experimented upon, 
just as any note on a piano is produced by striking the 
appropriate key. 

28. A tuning-fork may be set vibrating, if its own par¬ 
ticular note" or one haimonlc with it, be sounded in jt» 
nci ^hbourhood. In other words, it will vibrate under the 
influence of a particular set of vibrations, and no others, 
[f the vibrating ends of the tuning-fork were so arranged 
as to impinge upon a nerve, their repeated minute blows 
would at once excite this nerve. 

Suppose that of a set of tuning-forks, timed to every 
note and distinguishing fractions of a note in the scale, one 
fwcrc thus connected with the end of every fibre of the 
corhleor nerve ; then any vibration communicated to the 
pcnlyinph would affect the tuning-fork which could vibrate 
with it, while the rest would be absolutely, or relatively, 
dndifTcrent to that vibration. In other words, the vibra¬ 
tion would give rise to the sensation of one particular tone, 
and nn other, and every musical interval Would be repr^^- 
sented hjv a distinct impression on the sensorium. 

29. It IS sif^gcitcd that the fibres of Corti are ^ynipetent 
to perform the function of such tuning-forks ; th'it each ol 
them is set vibrating to its full streni^th by a p.irticular 
kind of wave sent through the perilymph, and by no other ; 
and that each affects a particular fibre of the cochlear 
nerve only. But it must be remembered that the view 
here given is a suggestion only which, however probable, 
his not yet been proved* Indeed recent inquiries have 
rather diminished than increased its probability* 

The fibres of the cochlear nerve may be excited by in¬ 
ternal causes, such as the varying pressure of the blood 
the like: and in some persons such internal infiacnces 
do give rise to veritable musical spectra, som^tines of r. 
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very intense chart^ctcr. jfut, for the Eipprcdatiorvof music 
produced external to us, we depend upon the intermedia- 
tinn of the scala medi^ and its Cortian hbres. 

30* It has already been explained that the siapeditL^ and 
Um&r tympiini muscles are competent to tighten the mem¬ 
brane of the fenestra ovaiis and that of the tympanum, 
and it is probable that they come into action when the 
sonorous impulses are too violent, and would produce too 
extensive vibrations of these membranes. They therefore 
tend to moderate the effect of intense sound, in muchJhe 
same way that, as we shall find, the contraction of the 
circular fibres of the iris tends to moderate the efifert of 
intense light in the eye, 

rhe function of the Eustachian tul>e is, ^irobably, to 
keep the air in the tympanuiTi, or on the inner side 01 the 
tympanic membrane, of about tho same tension as that on 
the outer side, which could not always be the case if the 
tympanum were a dosetl cavity. 
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LESSON JX 


THE OHGAR OF SIGHT. 

1. In studying the organ of the sense of sight, the eye, 
it is needful to become acquainted, firstly, with the struc¬ 
ture and properties of the sensory expansion in which the 
optic nerve, or nerve of sight, terminates ; secondly, with 
the physical agent of the sensation ; thirdly, with the 
intennediatc apparatus by which the physical agent is 
assisted in acting upon the nervous expansion. 

The ball, or globe, of the eye is a globular body, mov¬ 
ing freely in a cliamber, the ori^iiy which is furnished to it 
by the skull. The optic nerve, the root of which is in 
the lirain, leaves the skull by a hole at the back of the 
orbit, and enters the back of the globe of the eye, not in 
the middfe, but on the inner, or nasal, side of the centre. 
Having picrcetl the wall of the globe, it'* spreads out into 
a very* dcycatq membrane, varying in thieWners from 
Jjjth of an inch to less than half that amount,^hich lines 
the hinder two-thirds of the globe, and is ■termed the 
retina. This retina is the only organ connected with 
sensory nervous fibres which can be affected, by any 
agent, in such a manner as to give rise to the sensation 
of light, 

2. If the globe of the eye be cut in two, transversely, so 
as to divide it into ai anterior and a posterior half, the 
retina will be seen lining the whole of the concave wall oi 
the posterior half as a membrane of great delicacy, and, 
for the most part, of even texture and smooth surface* 
But, exactly opposite the middle of the posterior wall, it 
presents a slight circular depression of a yellowisli hue. 



IX.] .VA’if VOUS ELEMENTS OF RETINA. 


215 



* 

Tic;, 71. 


iJviljjrjmiTiaUc view^ of the iict^ous ( \) And the exmoeclive (B) cltmen.t'; of 
it^b rciiim, supposed tn \k ^epiirrited frun^ One nLiLOLher. the nervous 

htnicturcs^^^, the rod-^; the cones; the granuUs of the outer Jayer, 
lAiih which tlicM: are connected; ti rf', interwoven very delicate nervous 
fihrcjij fTXMTi which fine nervous filaments, Iwarlng the inner grantilcs, y/', 
jirocrcd towards llic front surfiice ; the continuation of these fine nc^cs 
which become convoluted and interwoven with tbcproccssea of the ^fanglionic 
corpuscle^, A A' : 7 if the expansion of the fibres of tJie optic nerve* B, the 
conneclivc tissue—A/r, cxteriial or posterior limitinj^ membrane: f* radial 
fibres passing to the InLemail or anterior limiimg mcmiirane; nuclei; ' 
the intergranular layer; the molecular layer ; f, the anterior limiting 
tniimbraiie* 

(Magn]fii;il about 3Eo diameters ) 
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the maijda Inha^ or >Ulow spot (Fif^ 72,;///, 1 ig 75, 
8%—not u^bily isLLn, ho\\cvu unites the be ptiit-cily 
frcslij—xml, At ‘jome distiinot. ftorx thi';, towaida the muci, 

ui iii^ilj^ideot thcbdl,i‘s I lidiuux^ app iianet, pm- 
tliictd b) tliL cnti into of the o]jUc iili ^ l ai d the bpK luin^ 
out of it^i libms into tliL tctim 
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V\IJ \U \\H> IJ ■^| Nil I U>N 1 

* stltirotic. tAf cHLrii;}J sf ii m sulI ii ml) 

If die cut <.d^ of tht. iLtiu* z k J tht ^pmu fnni 

the optic nervL or blind ^pot w/, tht ydlow iijot, tin. diiUf iwi in 
ita middle bciaj^ the fuvti (^enirtili*^ 
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3 A \cty^hirf vertical slice of the ictma, in^ny icgian 
except the yellow spot and the cntiancc of«the optic 
nervCj may be icsolvcd into the strnUmes repustntul 
separately in Fig 71* The one of these (A) ocLupiLb the 
whole thickncbb of the section-, and com puses its cssf^ntial, 
01 nenous, elements 1 he outer (ot postciior) fouith, or 
rathei less, of the thickness of these consists of a vast 
multitude of minute, either rod-hke, or conical bodies^ 
ranged side by side, peipendiculaily to the plane of the 
retina This is the laytr of f odt and unu^ ipc). Fiom the 
front ends or bases of the rods and cones very delicate 
fibres pass, and m each is developed a giinulc like bod) 
(R t'), which foims a part of what has been tenjicd the 
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oitkr layer of granules. *lt is probable that th^ese fibres 
next pass into and indeed form the close ineshwork of 
\^ery delicate nervous ^bres which is seen ztdd (Fig. 71, 
A). From the anterior surface of this ineshwork other 
fibres proceed, containing a second set of granules, which 
forms the inner granular layer {ff) In front of this 
layer is a stratum of convoluted fine nervous fibres 
( and anterior to this again numerous ganglionic 

corpuscles fih% Processes of these ganglionic cor¬ 
puscles extend, on the one Jiand, into tlie laver of ^on- 
vohiLcd neivC'fibres ; and on the other ai-e probably 
continuous with the stratum of fibres of the optic 
nerve (/)■ 

These delicate nervous structures are suflported by a 
sort of framcwoi'k of connective tissue of a peculiar kind 
(l>;, which extends from an inner or anterior limiting 
membrane which bounds the retina and is in aontact 
\rith the vitreous humour, to an oiiter oee posterior limiting 
membrane^ which lies at the ^interior ends, or bases, of the 
rods and cones near the level of in A. 'fiius the 
fimnewoTk is thinner *tlian the nervous substance of the 
ietln;i, and the rods and cones lie altogether outsider 
of it, and wholly unsupported by any connective tissue* 
They arc, however, as we shall sec, imbedded inJ:hc layer 
of piginent on which the i^eiina rests (§ 16)* 

U'he fibres of the optic nerve spread out between the 
limiting nicmljranc (/) and the ganglionic cot^uscles (A'), 
and the vessels which enter along' with the optic nerve 
rami A'' l5c tween the limiting mcmbi'ane and Jhc inner 
granAcs {ff\ Thus, not only (he ntrvcAs fibres, but 
the \'css(^s, iire placed altogether in front of tlic rods and 
cones. 

At the entrance of the optic nerve itself, the nervous 
fibres predominate, and the rods and cones are absent. 
In the yellow spt)t, on the contrary, the cones arc abun- 
ilant and close set, becoming at the same time longer and 
more slender, w'hile rods are scanty, and are found only 
towards its margin. The layer of fibres of the optic 
nerve disappears, and all the other layers, except that of 
the cones, become extremely thin in the centre of the 
macula lutea {Fig. 73). 

The,most notable property of the retina is its power 
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Ykulovit Spot. 

^ th« pigment *f th* cfiottiid ; f, rods sinl concn : imitcr gmnnliiT 

Jayersy^ inn^ granular layer: ^x'r molecular layer: /i layer of gJtu- 
gUonic ; i fitreK of the optic nerve, 

(Magnified about 6a dlaEncten,) 
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of converting the vibrations of ether, which confititute the 
physical basis of light, into a stimulus to the-fibres of the 
optic nerve—which fibres, when excited, have the power 
of awakening the sensation of light in, or by means of, 
the brain. The sensation of light, it must be understood, 
is the work of the brain, not of the retina ; for, if an eye 
be destroyed, pinching, galvanizing, or otherwise irritating 
the optic nerve, will still excite the sensation of light, be¬ 
cause it throws the fibres of the optic nerve into activity ; 
and their activity, however produced, brings about in*thc 
brain certain changes which give rise to the sensation of 
light, 

Light, falling directly on the optic nerve, does not 
excite it; the fibres of the optic nerve, iit themselves, 
arc as blind as any other part of the body. But just as 
the delicate filaments of the ampullae, or the otoconia of 
the vestibular sac, or the Cortiaii fibres of the cochlea, 
arc contrivances for converting the delicate vibrations of 
the perilymph and cmlolymph into impulses which can 
excite the auditory nerves, so the structures in the retina 
appear to be adapted ’to convert the infinitely more deli¬ 
cate pulses of the luminiferous ether into stimuli of thj 
fibres of the optic nerve* 

S- The sensibility of the different parts of th(4retina to 
light varies very greatly. The point of entrance of the 
optic nerve is absolutely blind, as maybe proved by a 
very simpltr experiment. Close the left eye, and look 
steadily with the right at the cross on the page, held at 
ten tg twelve inches^ distance. 

9 

The black dot will Ije seen quite plainly, as well as the 
cross. Now, move the book slowly towards the eye, 
which must be kept steadily fixed upon the cross; at a 
certain point the dot will disappear, but, as the book is 
brought still closer, it will come into view again. It 
results from optical principles that, in the first position of 
the book, the figure of the dot falls between that of the 
cross (which throughout lies upon the yellow spot) and 
the entrance of the optic nerve: while, in the second 
position, it falls on the entrance of the optic nerve itself; 
and* in the third, inside that point. So long as the image 
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of the spot rei>t5 upon the entrance of the optic nerve, it 
is not perceived, and hence this region of the retina is 
called the Muiti spot. ^ 

6. The impression made by light upon the retina not 
only remains during the whole period of the direct action 
of the light, but ha^ a ceitjin duiation of its own, how¬ 
ever bhou the tune doling winch the light itself Uhts. A 
fl ish of lightning is, practically, instantaneous, but the 
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sensation of light produced by that flash endures for an 
appreciable period. It is found, in fact, tliat a luminous 
impressv^n lasts for about one-eighth of a second; 
whence it ftdo\Vs, that if any two luminous fftipicssions 
are separated by a less interval, they arc ),ot distin¬ 
guished fn>m one another. 

For this reason a “ Catlierine-wheel,” or a lighted stick 
turned round very rapidly by the hand, appears as a circle 
of fire ; and the spokes of a coach wheel at speed are not 
separately^ visible, but only appear as a sort of opacity, or 
him, within the tire of the wheeh 
7, The excitability of the retina is readily exhausted. 
Thus, looking at a bright light rapidly renders the part of 
the retina on which the light falls, insensible; and on 
looking from the bright light towards a moderately-lighted 
surfaccj a dark spot, arising from a temporary blindness 
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of the retina in this part, appears m the field of vjew* If 
the bright light be of one colour, the part of the retina on 
which it falls becomes,insensible to rays of that colour, 
but not to the other rays of the spectrum. This is the 
explanation of the appearance of what are called cample- 
mmtaiy colours. For example, if a bright red wafer be 
stuck upon a sheet of white paper, and steadily looked at 
f(jr some time with one eye, when the eye is turned aside 
to the white paper a greenish spot will appear, of about 
ihc size and shape of the wafer, llie red image h^s, 
in fact, fatigued the part of the retina on which it fell 
for red light, but has left it sensitive to the remaining 
coloured rays of which white light is composed. But wc 
know that if from the variously coloured rays rfhich make 
up the spectrum of white light wc take away all the red 
rays, the remaining rays together make up a sort of green. 
So that, when white light falls upon this part, the red rays 
in the white light having no effect, the result of the ope¬ 
ration of the others is a greenish hue. If the wafer be 
j^^rcen, the complementary image^ as it is called, is red, 

8 . In some persons, tile retina appears to be affected in 
one and the same way by rays of light of various colours, 
or even of all colours. Such calaur-Mhtd persons are 
unable to distinguish between the leaves of a chejry-trcc 
and its fruit by the colour of the two, and sec no differ¬ 
ence between blue and yellow cloth. 

This peculiarity is simply unfortunate for m6st people, 
but it may be dangerous if unknowingly possessed by 
railway guards or sailors. It probably arises either from 
a defect in the retina, which renders that*orgifh unable to 
respond t(* different kinds of luminous vibrations, and 
consequently insensible to red rays or yellow rays, &c,, as 
the case may be, or it may proceed from some unusual 
absorptive power of the humours of the eye which pre- 
vents particular rays from reaching the retina; or the 
fault may lie In the brain itself, 

9 - The sensation of light may be excited by other 
causes than the impact of the vibrations of the lumi¬ 
niferous ether upon the retina* Thus, an electric shock 
^ent through the eye, gives rise to the appearance of a 
flash of light: and pressure on any part of the retina 
produc^ a luminous Image,- which lasts us long as the 
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pressurCj and is called ^phosphenc. If the point of the 
finger pressed upon the outer side of the ball of the 
eye, the eyes being shut, a luminous image—which, in my 
own. case, is dark in the centre, with a bright ring at the 
circumference (or, as Newton described it, like the ‘^eyc'^ 
in a peacock’s tail)—is seen; and this image lasts as 
long as the pressure is continued* Most persons, again, 
have experienced the remarkable display of subjective 
fireworks which follows a heavy blow upon the eyes, pro¬ 
duced by a fall front a horse, or by other methods well 
knhwn to English youth* 

It is doubtful, however, whether these effects of pressure, 
or shock, really arise from the excitation of the retina 
proper, or whether they are not rather the result of the 
violence done to the fibres of the optic nerve apart from 
the retina* 


la The last paragraph raises a distinction between 
the fibres of the optic nerve ’’ and the retina which 
may not have been anticipated, but which is of much 


importance. 

We have seen that the fibres of the optic nerve ramify 
,in the inner or anterior fourth of the thickness of the 
retina, while the layer of rods and cones forms its outer 
or posterior fourth* The light, therefore, must fall first 
^upon thte fibres of the optic nerve, and, only after tra¬ 
versing them, can it reach the rods and cones. Conso 
quently, iftthe fibrillse of the optic nerve themselves are 
capable of being affected by light, the rods and cones 
can only be some sort of supplementary optical appa- 
ratus« Butf^in fact, it is the rods and cones WhKli are 
affected by light, while the fibres of the optic nerve are 
themselves insensible to it* The evidence on which this 


statement rests is 


a. The blind spot is full of nervous fibres, but has no 
cones or rods* 


A The yellow spot, where the most acute vision is 
situated, is full of close-set cones, but has no nerve 
fibres* 

If you go into a dark room with a single small 
bright, candle, and, looking towards a dark wall, move 
the light up and down, close to the outer side of one eye, 
s^o as to allow the light to fall very obliquely into thq eye. 
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one of what are called Furkhtjis figures is seen. This is a 
vision of a senes of diverging, branched, red lines on a dark 
held, and in the interspace of two of these lines is a sort of 
cup-shaped disk* 'Hie rc3 lines are the retinal blood-vessels, 
and the disk is the yellow spot* As the candle is moved 
up and down, the red lines shift their position, as shadows 
do when the light which throws them changes its place. 

Now, as the light falls on the inner face of tlie retina, 
and the images of the vessels to which it gives rise shift 
their position as it moves, whatever perceives these images 
must needs lie on the other, or outer, side of the vessels. 
But the fibres of the optic nerve lie among the vessels, 
and the only retinal structures which lie outside them arc 
ihc granular layers and the rods and cones* * 

d. Just as, in the skin, there is a limit of distance within 
which two points give only one impression, bo there is a 
iiiinimum distance by which two points of light falling on 
the retina must be separated in order to appear as two* 
And this distance corresponds pretty well with the dia¬ 
meter of the cones. 

If* The impact of the ethereal vibrations upon the 
sensory expansion, or essential part of the visual appa¬ 
ratus alone, is sufficient to give rise to all those feelings^ 
which we term sensations of light and of eolour^ and to 
that feeling of outness which accompanies all vistibl sen- 
-sation* But, if the retina had a simple transparent 
covering, th"e 'vibrations radiating from any numoer of 
distinct points in the external world would affect all parts 
of it equally, and therefore the feeling aroused would be 
that oflia generally diffused luminosity, 'These IPould be 
no separatjp feeling of light for each separate radiating 
point, and hence no correspondence between the visu^ 
sensations and the radiating points which aroused them. 

It is obvious that, in order to produce this correspond¬ 
ence, or, in other words, to have distinct vision, the essential 
condition is, tliat distinct luminous points in the external 
world shall be represented by distinct feelings of light, 
^d since, in order to produce these distinct feelings, 
vibrations must impinge on separate rods or cones, it 
follows that, for the production of distinct vision, some 
apparatus must be interposed between the retina and the 
cxtcnial world, by the action of which, distinct luminous 
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points in the latter shall be represented by corresponding 
points of'light on the retina. 

In the eye of man and of the higher animals, this (icc€S^ 
sory apparatus of vision is represented by structures whichj 
taken together, act as a biconvex lens, composed of sub* 
stances which have a much greater refractive power than 
the air by which the eye sui rounded ; and which throw 
' upon the retina luminous points, which correspond in 
number, and, in one sense, in position, with those luminous 
points in the external world from which ethereal vibrations 
proceed towards the eye* The luminous f oints thus thrown 
upon the retina fonn a picture of the external world—a pic¬ 
ture being nothing but lights and shadows, or colours, ar¬ 
ranged in such away as to coirespond with the disposition 
of the luminous or coloured parts of the object represented. 

12, That a biconvex lens is competent to produce a 
picture of the external world on a properly arranged 
^ screen is a fact of which everyone can assure himself by 
simple experiments. An ordinary spectacle glass is a trans¬ 
parent body denser than the air, and convex on both sides. 
If this iens be held at a certain distance from a screen or 
^wall in a dark room, and a lighted candle be placed on 
the opposite side of it, it will be easy to adjust the distances 
of can die, lens, and wall, so that an image of the flame of 
jthc candte, upside down, shall be thrown upon the wall 

The spot on which the image is formed is called a 
foctis. If th« candle be now brought nearer to the lens, the 
image on the wall will enlarge, and grow blurred and dim, but 
may be restored to brightness and definition by moving the 
lens further fwam the wall. But if, when the new alljudjment 
has taken place, the candle bo moved away from the lens, 
the image will again become confused, and, to restore its 
clearness, the lens will have to be brought nearer the wall. 

Thus a convex lens forms a distinct picture of luminous 
objects, hut only at the focus on the side of the lens oppo¬ 
site to the object; and that focus is nearer when the object 
is distant, and further off when it is near. 

13* Suppose, however, that, leaving the candle unmoved,' 
a lens with more convex surfaces is substituted for the 
first, the image will be blurred, and the lens will have to 
be mhved nearer the wall to give it detoition* If, on 
the other band, a lens with less convex surfaces i$, sub'^ 
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stituted for the firsts it mftst be moved further from the 
wall to attain the same end. ^ * 

In. other words, other things being alikCj the more con¬ 
vex the lens the neardt its focus ; the less convex, the 
further off its focus* 

If the lens were elastic, pulling it at the circumference 
would render it flatter, and thereby lengthen its focus; 
while, when let go again, it would become more convex, 
and of shorter focus. 

Any material more refractive than the medium in which 
it is placed, if it have a convex surface, causes the rays'of 
light which pass through the less refractive medium to 
that surface to converge towards a focus. If a watch-glass 
be filled into one side of a box, and the box ht then filled 
with water, a cantllc may be placed at such a distance 
outside the watch-glass that an image of its flame shall 
fall on the opposite wall of the box. If, under these cir- 
cuinsiances, a doubly convex lens of glass were introduced 
into the water in the path of the rays, it would act {though 
less powerfully than if it were in air) in bringing the rays 
more quickly to a focus, because glass refracts light more 
strongly than water does. 

A camera obscura is a box, into one side of which a lens 
is fitted, so as to be al>le to slide backwards and forwards, 
and thus throw on the screen at the back of the box dis¬ 
tinct iinagcg of bodies at various distances off. Hence 
the arrangement just described might be tcrm«d a wai€r 
camera, 

14. The intermediate organs, by means of which the 
physic*! agent of vision,-light, is enabled to letflpon the 
expansion of the optic nerve, comprise three kinds of 
apparatus T (fi) a ‘‘ water camera,” the eyeball; (b) muscles 
for moving the eyeball; (r)' organs for protecting the 
eyeball, viz, the eyelids, with their lashes, glands, and 
muscles \ the conjunctiva; and the lachrymal gland and 
its ducts. 

The eyeball is composed, in the first place, of a tough, 
firm, spheroidal case consisting of fibrous or connective 
tissue, the greater part of which is white and opaque, and 
is called the sclerotic (Fig, 75, 2)* In front, liowever, 
this fibrous capsule of the eye, though it does not change 
its es|ential character, becomes transparent, and receives 
■ Q 
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the name of the contra (Fig^-75j i). The corneal por¬ 
tion of the case of the eyeball is more convex than the 
sclerotic portion^ so that the v^hole form of the ball is such 
as would be produced by cutting bff a segment from the 


ri 



comca 1 1', cotijunctwfi; a, sclerotic; ii\ slicoth of optic ; 3^ cHomid ; 

3'% rods nnd cones of the rctLna ; cJiary muscle; 4 % circular portion of 
ciliary muscle j cilia^ process ; 6, posterior chamber between ft the 
iris and the suspensory ligament; j\ anLerior chamber; B, artEn-y of retitia 
in the centre of the optic nerve; 8^ centre of blind spot; macula Jutea ; 
9, ora serrata (tIuH is of course rot seen in a section J^uch as this, but is 
introduced to show its position) t to^ space behind the suspensory Ij^ment 
(canal of Petit) i 13, crystaUtue lens ; 13, vitimus humour ; 14 marks the 
■ pt^ition of the Ciliary hgament; it, optic axiH (in the actual eye of which 
this is an exact copy, the yellow .spot luppened, curiously enoughp not to be 
in the optic axis) ; line of equator of the eyeball, 

front of a spheroid of the dianieter of the sclerotic^ and 
replacing this by a segment cut from a smaller^ and con¬ 
sequently more convex^ spheroid, ^ 
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15. The cornco'scicrotic oasc of the eye is kept in shape 
by what are termed the humours —watery or semi-fluid 
substances, one of which, the ogueous humour (Fig. 75,7'), 
which is hardly more than water holding a few organic 
aiid saline substances in solution, distends the cornea] 
chamber of the eye, while the other, the vitreous (Fig, 
75j 13)1 which is rather a delicate jelly than a regular 
fluid, keeps the sclerotic chamber nilL 

The two humours arc separated by the very bcatitiful^ 
transparent, doubly-convex crystalline lens (Fig. 75, 12), 
denser, and capable of refracting light more strongly than 
oitlier of the humours. The crystalline lens is composed 
of fibres having a somewhat complex arrangement, and is 
highly clastic. It is more convex behind thag in front, 
and it is kept in place by a delicate, but at the same time 
strong and elastic, membranous frame or suspensory 
ligamcni^ which extends from the edges of the lena to 
■\rhat arc termed the ciliary processes of the choroid coat 
(Figs. 75, 5, and 76, c). In the ordinary condition of'the 
c^c this ligament is kept tense, />• is stretched pretty 
tight, and the front, part of the lens is consequently 
flattened. 

16. This choroid coal {Fig. 75, 3) is a highly vascular 
mcnil^rane, in close contact with the sclerotic externally, 
and lined, internally, by a layer of small polygonal^odies 
containing much pigmentary matter, called pigment cells 
(Fig* 74)* Those pig^nent cells are separated ^from the 
Vitreous humour by the retina only* The rods and cones 
of the latter are in immediate contact with them. The 
choroicyincs every part of the sclerotic, e^cepyu^t where 
the optic nerve enters it at a point below, and to the inner 
Bide of lhe*ceiitre of the back of the eye j but when it 
reaches the front part of the*sclerotic, its inner surface 
becomes raised up into a number of longitudinal ridges, 
with intervening depressions, like the crimped frills of a 
lady^s dress, terminating within and in front by rounded 
ends, but passing, externally, into the iris* These ridges, 
which Tvhcri viewed from behind seem to radiate on all 
sides from the lens (Figs. 76, r, and 75, 5), are the above- 
mentioned ciliary processes, 

17. The iris itself (Figs. 75, 7, and 76, «, is, as has 
been already said, a curtain with a round hole in the 

* * Q 3 



22S ELEMENTAR V Pli YSIOLOG V. [less, 

middle, provided with circular and radiating unstriped 
muscular fibres^ and capable of having its central aperture 
enlarged or diminished hy the action of these fibres, the 
contraction of which, unlike that of other unstriped mus¬ 
cular fibres, is extremely rapid. The edges of the iris arc 
firmly connected with the capsule of the eye, at the j’unc- 
tion of the cornea and sclerotic, by the connective tissue 
which enters into the composition of Ihe so-called cilmry 
iigameuL Unstripetl muscular fibres, having tlie same 
attachment in front, spread backwards on to the outer 
surface of the choroid, constituting the ciliary mnsek 
(Fig, 75, 4\ If these fibres contract, it is obvious that they 
will pull the choroid forwards; and as the frame, or 
suspensory ligament of the lens, is connected with the 
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rtj circular fibres; A* railmtiii^ fitires of tho iris : ciJUry proce!iS«& ; 
if, choroid, llie crystal Line lens has been removed- 


ciliary processes (which simply form the anterior termina¬ 
tion of the choroid), this pulling forward of the choroid 
comes to the same thing as a relaxation of the tension of 
that suspensory ligament, which, as 1 liavc just said, 
Uke the lens itself, is highly elastic. 

The iris does not hang down perpendicularly into the 
space between the front face of the crystalline lens and 
the posterior surface of the cornea, which is fi^cd by 
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the aqueous humour, but applies itself very closely to the 
anterior face of the lens, so that hardly any interval is left 
between the two (Figs* 75 and 77). 

The retina, as wc have seen, lines the mterior of the eye, 
being placed between the choroid and vitreous humour, 
its rods and cones being imbedded in the fonner, and its 
anterior limiting membrane touching the lattcn 

About a third of the distance buck from the front of the 
eye the retina seems to end in a wa^y border called the 
ora serrata (Fig. 75, 9), and in reality the nervous ^cle^ 
ments of the retina do end here, having become consider¬ 
ably reduced before this line is reached. Some of the 
connective tissue elemtnts however pass on as^ delicate 
kind of membrane at the back of the ciliary processes 
towards the crystalline lens, 

i 3 . The eyeball, the most important constituents of 
which have now been described, is, in principle, a camera 
of the kind described above—a w*iter camera, 'rhat is to 
say, the sclerotic answers to the box, the cornea to tlie 
watch-glass, the aqueous and vitreous humours to the 
water tilling the box, the crystalline to the glass lens, the 
introduction of which was imagined. The back of the 
box corresponds with the retina. « 

But further, in an ordinary camera obscura, it is found 
desirable to have what is termed a dlaphra^n (tjiat is, an 
opaque plate with a hole in its centre) in the path of the 
rays, for the purpose of moderating the light and cutting 
off the marginal niys which, owing to certain gjjtifal pro¬ 
perties of spheroidal surfaces, give rise to defers in the 
image formod at the focus. 

In the eye, the place of this<liaphragm is taken by the 
iris, which has the peculiar advantage of being self-regu¬ 
lating ; dilating its aperture, and admitting more light 
when the light is weak ; but contracting its aperture and 
admitting less light when the illumination is strong, 

19* In the water camera, constructed'according to the 
description given above, there is the defect that no provi¬ 
sion exists for adjusting the focus to the varying distances 
of objects. If the box were so made that its back, on 
which the image is supposed to be thrown, received distinct 
images* pf Very distant objects, all near ones wottid be 
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indistihct. And if^i on the other hand, it were fitted to 
receive the linage of near objects^ at a given distance, 
those of either nearer, or more distant, bodies would be 
blurred and indistinct* In the ordinary camera this diffi' 
cully is overcome by sliding the lenses in and out, a pro^ 
rcss which is not compatible with the construction of our 
water camera. But there is clearly one way among many, 
in which this adjustment might be cfTecltxl- -namely, b>' 
changing the glass lens ; putting in il less convex one 
\^\\cn more distant objects had to be pictured, and a more 
convex one when the images of nearer objects wrero to be 
thrown upon the back of the box* 

But it lyould come to the same thing, and lie much 
more convenient; if, without changing the lens, one and 
the same lens could be made to alter its convexity. This 
is what actually is done in the adjustment of the eye to 
distances. 

2 a The simplest way of experimenting on the adjust- 
ment of the cy^ is to stick two stout needles upright into 
a straight piece of wood, not exactly, but nearly in the 
same straight line, so that, on applying the eye to one end 
of the piece of wood, one needle (/t) shall be seen about 
six inches off, and the other if) just on one side of it at 
twelve inches' distance. 

If the observer look at the needle he will find that 
he sees h very distinctly, and without the least sense of 
effort; but the image of £t is blurred and more or less 
double. Now let him try to make this blurred image of 
the a distinct- He will find he can d<%sp readily 

enough, but that the -act is accompanied by a sense of 
effort somewhere in the eye* And in proportion as a 
becomes distinct, b will become blurred. Nor will any 
effort enable him to see a and b distinctly at the same 
time* 

21 . Multitudes of explanations have been given of this 
remarkable power of adjustment, but it is only within the 
last few years that the problem has been solved, by the 
accurate determination of the nature of the changes in 
the eye which accompany the act. When the flame of a 
taper is held near, and a little on one side of, a person's 
eye, anyone looking into the eye from a proper Mint of 
view, will sec three images of the flame, two uplift and 
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one inverted. One upright figure is reflected from the 
front of the cornea, which acts as a convex iriirron The 
second proceeds fronf the front of the crystalline lens, 
which has the same effect; while tlie inverted image pro¬ 
ceeds from the posterior face of the lens, which, being 
convex backwards, ig, of course, concave forwards, and 
acts as a concave mirror. 

Suppose the eye to be steadily fixed on a distant object, 
and then ndjust<il to a near one in the same line of vision, 
the position of the eyeball remaining unchanged. Then 
the upright image reflected from the surface of the cornea, 
and the inverted image from the back of the lens, will 
remain, unchanged, though it is demonstrable that their 
.size or apparent |)osition must change if either the cor¬ 
nea, or the back of the lens, alter either ihcir form or 


I 



Fig, 77 

fllustr^ttis the change in tlie foi-m nf llw Inns when iicljusle J—. I tu Ulslant^ 

B to ticar ubjccls. 


their ^josition. But the second uprigl^ that re¬ 

flected by the front face of the lens, does change both its 
size and ifs position ; it comes forward and grows smaller, 
proving that the front face bf the lens has become more 
convex* The change of form of the lens is, in fact, that 
represented in Fig. 77 * 

These may be regarded as the Jticis of adjustment with 
which all explanations of that process must accord. 
They at once exclude the hypotheses (i) that adjustment 
is the result of the coinpression of the ball of the eye by 
its muscles, which would cause a change in the form of 
the cornea ; (2) that adjustment results from a shifting of 
the ^pns bodily, for its hinder face does not move i (j) that 
it rcsiflts from the pressure of the iris upon the front face 
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of the lefis, for under these circumsUnces the hinder face 
of the kns would not remain stationary^ Tliis last hypo¬ 
thesis is further negatived by the faot that adjustment takes 
place equaUy well when the iris is absent 

One other explanation remains, which is, in all proba- 
bility^ the true one, though not altogether devoid of diffi¬ 
culties. The Ions, which is very clastic, is kept liabitually 
in a state of tension by the elasticity of its suspensory 
ligiimcntj and consequently lias a flatter form than it 
wojild take if left to itself. If the ciliary muscle contracts, 
it must, as has been seen, relax that ligament, and 
thereby diminish its elastic tension upon the lens. The 
lens, consequently, will become more convex, returning 
to its forino" shape when the ciliary muscle ceases to 
contract, and allows the choroid to return to its ordinary 
place. 

If this be the true explanation of adjustment, the sense 
of effort we feel must arise from the contraction of the 
ciliary muscle. 

23 . Adjustment can take place only within a certain 
range, which admits of great individual variations. As 
*.a rule, no object which is brought within less than 
about ten inches of the eye can be seen distinctly without 
effort. ^ 

flut many persons are born with the surface of the 
cornea more convex than usual, or with the refractive 
power of the eye increased in some other way; while, 
very generally, as age draws on, the cornea flattens. In 
the form^ case, objects at ordinary distances ar]f seen 
indistinctlyj^ccafise these images fall not on the retina, 
but in front of it; while, in the latter, the saMie indis¬ 
tinctness is the result of tha rays of light striki'-g upon 
the retina before they have been brought to a focus. The 
defect of the former, or short-sighted people, is amended 
by wearing concave glasses, which cause the rays to 
diverge ; of the latter, or long-sighted people, by wearing 
convex glasses, which make tne rays converge. 

In the water camera the image brought to a focus on 
the screen at the back is iniferted; the image of a tree for 
instance is seen with the roots upwards and the leaved 
aifd branches hanging downwards. The right of the 
image also corresponds with the left of the objeef and 
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vke vcrsd. Exactly the* same thing takes pla^c in the 
eye wiili the image focussed on the retinav It too is 
inverted, (See Lessqp X. S i r*) 

23* The muscles which move the eyeball are altogether 
six in nunil>cr—four straight muscles^ or recti^ and two 
oblique muscles, the obliqui (Fig, 78)* The straight mus¬ 
cles are attached to the back of the orbit, round the edges 
of the hole through which the optic nerve passes, and 
run straight forward to their insertions into the sclerotic— 
one, the superior rectus^ in the rniddlc line above ; one, 
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A, the ntiiAcles nf the ri^ht cyehalt viewed from above, and B of the left 
eyeball Tiewcd from the outer ; S.R. ihe superinr rectum r Inf. K. the 
infcrifir rectum: /f, A\, in A', ihc tiiternal rectu'i: ..v the suiarior oblique ; 
fnfoi0\\\^ mferiuT obiiqu'; CA, the chiatiiiiii of (//.): /// 

the third nerve which ^npjiHesi all the muscles except the superior oblique and 
the csncrnal^fictui. 

■ 

the inferior^ opposite it below ; and one half-way on 
each side, the external and internal rectL The eyeball 
is completely imbedded in fat behind and laterally; and 
these muscles turn it as on a cushion ; the superior rectus 
inclining the axis of the eye upwards, the inferior down¬ 
wards, the external outwards, the internal inwards* 

The two oblique muscles are both attached on the 
outer side of the bail^ and rather behind its centre ; and 
they both pull in a direction from the point of attachmSnt 
tow^s the inner side of the orbit—the lower, because 
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it arises here \ the upper, because, though it arises alonj^C 
with the recti from the back of the orbit, yet, after passiji;^; 
forwards and becoming tendinous at the upper ajid inner 
corner of the orbit, it traverses a pulteydikc loop of 
ligament, and then turns downwards and outwards to 
its insertion. The action of the oblique muscles is 
somewhat complicated, but their general tendency is to 
roll the eyeball on its axis, and pull it a little forward 
and inward. 

2 ^. Tlie eyelids ate folds of skin containing thin plates 
of cartilage, and fringed at their edges with hairs, the eye¬ 
lashes^ and with a series of small glands called AfeiSomran. 



l‘'lO 71/- 

Th* front view of the rig^ t eye dissected to show, the erblcular 

mu^^cte of the eyelids I the pulley and msertinn nf the sur>crior oblique 
and the inferlf eJiquej, ; L.G^ the lachTymal gland, ^ 

Circvdarly disposed fibres of striped muscle He? beneath 
the integuments of the eyelids, and constitute the orhi- 
sularis muscle which shuts them. The upper eyelid 
is raised by a special muscle, the levat&r of the upper 
lid, which arises at the back of the orbit and runs 
forwards to end in the lid. 

The lower lid has no special depressor* 

25- At the edge of the eyelids the integument becomes 
continuous with a delicate, vascular, and highly nervous 
mucous membrane, the conjunctiva^ which lines the 
int&rior of the lids and the front of the eyeball, its 
epithelial layer being even continued over the coi^ca. 
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The numerous small ducts of a gland whicl> is lodged 
in the orbit, on the outer side of the ball (Fig. 79, 
the lachrymalglanii'y constantly pour its watery secretion 
into the interspace between the conjunctiva lining the 
upper eyelid and that covering the ball. On the inner side 
of the eye is a reddisli fold, the caruncnla lachrymalis^ 
a sort of rudiment of that third eyelid which is to he 
found in many animals. Above and below, dose to 
the caruncula, the edge of each eyelid presents a minute 
aperture (the pHnetnm lachrymale)^ the opening of a 



Fig. 8& 

k fjroiit View of ibc loft eye, with the eyelids p:4rtmlly duiiiectcd lo shofi 
7 iichi7mal glana, L,C,^ ajid lachrymal duct, L^D, 

small canal. The canals from above and Below con¬ 
verge and open into the lachrymal sac; the upper blind 
end of a duct Fig, 80) which passes down from 

the orbit to the nose, opening below the inferior tur- 
binal bone (Fig, 40, h). It is through this system 
cartils that the conjunctival mucous* mer^J^ftine is con¬ 
tinuous^ with til at of the nose; and it is by them that 
the secretion of the lachrymal canal is ordinarily carried 
away as fast as it forms. 

But, under certain circumstances, as when the con¬ 
junctiva is irritated by pungent vapours, or when painful 
emotions arise in the mind, the secretion of the lachrymal 
gland exceeds the drainage power of the lachrymal duct, 
and the fluid, accumulating between the lids, at length 
overflows in the form of tears. 
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LESSON X. 

A 

THE COALESCENCE OF SENSATIONS WITH ONE 
ANOTHER AND WITH OTHER STATES OF CON^ 
SCIOUSNE^S. 


I, Ik explaining the functions of the sensory organs, 
I have hitherto confined niyself to describing the means 
by which the physical agent of a sensation is enabled 
to irritate a given sensory ner\'e ; and to giving some 
account of the simple sensations which are thus evolved. 

sensniiofis of this kind are such as might be 
j,roduccd by the irritation of a single nerve-fibre, or of 
several nerve-fibres by the same agent. Such are the 
sensations ^ of con tact, of warmth, of sweetness, of an 
odour, of a musical note, of whiteness, or redness* 

But very few of our sensations arc thus simple. Most 
of even those which we are in the habit of regarding 
'as simple, are really compounds of different sensations, 
jior of sens^tmns with ideas, t>r with judgments. ^,For 
"example, m nic preceding cases, it is vc^ difiBcult to 
separate the sensation of contact from the judgimjnt that 
something is touching us ; of sw'cetness, from the idea of 
something in the mouth ; of sound or light, from the 
judgment that something outs'de us is shining, or sounding. 

7 * The sensations of smell are those which arc least 
complicated by accessories of this sorb Thus, particles 
of musk diffuse themselves with great rapidity through 
the nasal passages, and give rise to the sensation of 
a powerful odour. But beyond a broad notion that 
the odour is in the nose, this sensatiori is unaccompanied 
by any ideas of localtty and direction. Still less does 
it give rise to any conception of form, or size, or forte, 
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iir of succession, or cfintcmporaneity. If a man had 
no other sense than that of smell, and nauisfe were the 
only odorous body, he could have no sense of outness— 
no. power of distinguishing between the external world 
and himself* 

3. Contrast tliis willi what may seem to be the equally 
simple sensation obtained by drawing the linger along 
the table, the eyes being shut. This act gives one the 
sensation of a flat, hard surface outside oneself, which 
appears to be just as simple as the odour of musk, but 
is really a complex state of feeling compounded of— 

{a\ Pure sensations of contact* 

Pure muscular sensations of two kinds,—the one 
arising from the resistance of the table, the other from 
the actions of those muscles which draw the finger along. 

(f) Ideas of the order in which these pure sensations' 
succeed one another* • 

{ti) Comparisons of these sensations and their order, 
with the recollection of tike sensations similarly arranged, 
which have been obtained on previous occasions* 

{e) Recollections of tlie impressions of extension, flat¬ 
ness, &c* made on the organ of vision when these pre* 
vious tactile and muscular sensations were obtained. 

Thus, in this case, the only pure sensations are those 
of contact and muscular action* The grcatCr part of 
what we call the sensation is a complex mass of present 
and recollected ideas and judgments. 

4- Should any doubt remain that we do tlius mix up 
our sensations with our judgments into one indistinguish-* 
abl# whole, shut the eyes as befort, instead of 

touchin;^ the table with the finger, take a round lead 
pencil between the fingers, and draw that along the table. 
The “ sensation " of a flat hard surface will be just as 
clear as before ; and yet all that wc touch is the round 
surface of the pencil, and the only pure sensations we 
owe to the table are those afforded by the muscular sense. 
In fact, in this case, our ^‘sensation” of a flat hard 
surface is entirely a judgment based upon what the 
muscular sense tells us is going on in certain muscles. 

still more striking case of the tenacity with which 
wc adhere^ to complex judgments, which we conceive 
to be pure sensations, and arc unable to analyse otherwise 
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than by a process of abstract teasoning’, as afforded by 
our sense bf immdness. 

Anyone taking a marble between two fingers will say 
that he feels it to be a single round body; and be Avill 
]>robal>ly be as much at a loss to answer the qvicstion 
how he knows that it is round, as he would be if he 
were asked how he knows that a scent is a scent* 

Nevertheless, this notion of the roundness of the 
marble is really a very complex judgment, and that it 
is so may be shown by a simple experiment. If the 
index and middle fingers be crossed, and 'the marble 
placed between them, so as to be in contact with both, 
it is utterly impossible to avoid the belief that there 
are two marbles instead of one. Even looking at the 
niarl)k;, and seeing that there is only one, docs not 
weaken the apparent proof derived from touch that 
there are two,^ ^ 

The fact is, that our notions of singleness and round¬ 
ness arc, really, highly complex Judgments based upon 
a few, simple sensations ; and when the oi'dinary con¬ 
ditions of those judgments arc reversed, the judgment 
is also reversed. 

T 

With the index and the middle fingers in their ordinary 
position, it is of course impossible that the outer sides 
of each should touch opposite surfaces of one spheroidal 
l>ody. If, in the natural and usual position of the 
fingers, their outer surfaces simultaneously give us the 
impression of a spheroid (which itself is a complex 
judgment}, it is in the nature of things that thei% must 
be two sffttjtroidsi JJut, when the lingers are crossed 
over the marble, the outer,side of each finger^is really 
in contact with a spheroid ;^and the mind, taking no 
cognizance of the crosiing, judges in accordance with 
its universal experience, that two spheroids^ and not 
one, give rise to the sensations which are perceived* 

5. Phenomena of this kind are not uncommonly called 
ddusmis of ike semes; but there is no such thing as 
a fictitious, or delusive, sensation, A sensation must 

' A ludicrous form of tliis «}iporIitumt to apply the crossed fingers to the 
end of the nose, when h at once appears double; and, m spke of ihe 
aUurdhy of thp conviction, ihe rnM cannot expel it, so long as the semia' 
lions last. * 
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exist to be a sensation, and, if it exists, it is real and 
not delusive. But the judgments we form rt^ecting 
the causes and conditions of the sensations of which 
we are aware, arc vtry often erroneous and delusive 
enough ; and such judgments may be brought about 
in the domain of every sense, cither by artificial 
combinations of sensations, or by the influence of unusual 
couditions of the body itself* The latter give rise to 
^vhat arc called subjective sensaticfis^ 

Mankind would be subject to fewer delusions than they 
arc, if they constantly bore in mind their liability to Cllsc 
judgments due to unusual combinations, either artificial 
or natural, of true sensations. Men say, felt/' 1 
heard,” I saw ” such and such a thing, when, in ninety- 
nine cases out of a hundred, what they really mean is, 
that they judge that certain sensations of touch, hearing, 
or sight, of which they were conscious, were caused by 
such and such things. 

6 l Among subjective sensations within the domain of 
touch, are the feelings’of creeping and prickling of the 
skin, which are not uncommon in certain states of the 
circulation* The subjective evil smells and bad tastes 
which accompany some diseases arc very •probably due to 
similar disturbances in the circulation of the sensory 
organs of smell and taste* * 

Many persons are liable to what may be called auditory 
spectra —music of various degrees of complexity sounding 
in their cars, without any external cause, while they are 
wide awake, J know not if other persons are similarly 
troubled, but in reading books written, by ^^i^ons with 
whom 1 am acquainted, I am sometimes tormented by 
hearing thfe words pronounced in the exact way in which 
these persons would utter them, any trick or peculiarity of 
voice, or gesture, being, also, very accurately reproduced. 
And I suppose that everyone must have been startled, at 
times, by the extreme distinctness with which his thoughts 
have embodied themselves in apparent voices* 

The most wonderful exemplifications of subjective sen¬ 
sation, however, are afforded by the organ of sight, * 
Anyone who has witnessed the sufferings of a man 
labouring under delirium tretnens (a disease produced by 
excessive drinking), from the marvellous distinctness of 
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Ills visions, wliich sometimes take the forms of devils, 
sometimes of .creeping animals, but almost always of 
something fearful or loathsome, will not doubt the inten¬ 
sity of subjective sensations in tlnf domain of vision. 

7. 13 ut that illusive visions of great distinctness should 
appear, it is not necessary for the nervous system to be 
thus obviously deranged, People in the full possession of 
their faculties, and of high intelligence, may be subject to 
such appearances, for which no distinct cause can be 
assigned* An excellent illustration of this is the famous 
ca^c of Mrs. A. given by Sir David Ikcwstcr, in his 

Natural Magic*^' (See Appendix,) 

It should be mentioned that Mrs. A. was naturally a 
person of vftry vivid imagination, and that, at the time the 
most notable of these illusions appeared, her health was 
weak from bronchitis and enfeebled digestion. 

It is obvious that nothing but the singular courage and 
clear intellect of Mrs. A. prevented her from becoming a 
mine of ghost stories of the most excellently authenticated 
kind. And the particular value of her history lies in its 
showing, that the clearest testimony of the most un¬ 
impeachable witness may be quite inconclusive as to the 
objective reality of something which the witness has seen. 

Mrs. A* undoubtedly saw what she said she saw. The 
eviEience of her eyes as to the existence of the apparitions, 
and of her cars to those of the voices, was, in itself, as 
perfectly trustworthy as their evidence would have been 
had the objects realfy existed. For there can be no doubt 
that exactly those parts of her retina which wouW have 
been affeMcd by the image of a cat, and those |\frts of 
her ^auditory organ which would have been set vibrating 
by her husband^s voice, or the portions of the^sensorium 
with which those organs of sense are connected, were 
thrown into a corresponding state of activity by some 
internal cause. 

What the senses testify is neither more nor less than the 
fact of their own affection. As to the cause of that affec¬ 
tion' they really say nothing, but leave the mind to form 
its^wn judgment on the matter. A hasty or superstitious 
person in Mrs. A.'s place would have formed a wrong 
judgment, and would have stood by it on the plea that 
^^she must believe h^r senses " 
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8, The delusions of ttfe judg’mentj produced not by 
abnormal conditions of the body, but by*unusual or 
artificial combinations^of sensations, or by suggestions of 
ideas, arc exceedingly numerous, and, occasionally are 
iiot a little remarkable. 

Some of those which arise out of the sensation of 
touch have already been noted, I do not know of any 
produced through smell or taste, but hearing is a fertile 
source of such errors. 

What is called i/eniriio^tiism (speaking from the belly), 
and is not uncommonly ascribed to a mysterious power 
of producing voice somewhere else than in the larynx, 
depends entirely upon the accuracy with which the per¬ 
former can simulate sounds of a particular chSraclcr, and 
upon the skill with which he can suggest a belief in the 
existence of the causes of these sounds. Thus, if the 
ventriloquist desire to create the l 5 clief that a voice Issues 
from the bowels of the earth, he imitates with great 
accuracy the tones of such a half-stifled voice, and sug¬ 
gests the existence of some one uttering it by directing 
his answers and gestures towards the ground. These 
gestiirci) and tones arc such as would be produced by a 
given cause ; and no other cause being apparent, the 
mind of the bystander insensibly judges the sqggested 
cause to exist 

9. The delusions of the judgment through the sense of 
sight delusions^ as they are called—-are more 
numerous than any others, because such a great number 
of what w^e think to be simple visual sensations ^ really 
very cimplex aggregates of visual schsalidfis, tactile 
scnsat.ons, Judgments, and recollections of former sensa¬ 
tions and judgments. 

It will be instructive to analyse som^ of these Judgments 
into their principles, and to explain the delusions by the 
application of these principles, 

l a When an external body U felt by the touch to be in n 
given placey the image of that body falls on a point of the 
retina which lies at one end of a straight line Joining^ tie 
body and the retina^ and traversing a particular region <f 
the centre of the eye^ This straight line is enUed the 
OPTIC AXIS, 

Canyerseiyy ^ken any part of the surface of the retina 




is excikd^ ihe imnimm se$isatio^ is referred by ike mind 
to some point outside the body^ in the direction of the 
optic aris^ 

It is for this reason that when a, pliosphenc is created 
by pressure, say on the outer and lower side of the eye- 
ballj the luminous imaije appears to He above, and to the 
inner side of, the eye* Any external object which could 
produce the sense of light in the part of the retina pressed 
upon must, owing to the inversion of the retinal images 
(see Lesson IX. § 33), in fact occupy this position ; and 
hence the mirid refers the light seen to an object in that 
position. 

^ II. The same kind of explanation is applicable to the 
apparent paradox that, while all the pictures of external 
objects arc certainly inverted on the retina by the refract¬ 
ing media of the eye, we nevertheless see them upright. 
It js difficult to imderstand this, until one reflects that the 
retina- has, in itself, no means of indicating to the mind 
which of its parts lies at the top,*and which at the bottom; 
and that the mind learns to call an impression on the 
retina high or low, right or left, s:inply on account of the 
association of such an impression with certain coincident 
tactile impressions. In other words, when or.o part of the 
retina is affected, the object causing the affection is found 
to^e ncf^^r the right hand ; when another, the left; when 
another, the hand has to be raised to reach the object; 
when yet another, it has to be depressed to reach it. And 
thus the several impressions on the retina are called 
right, left, upper, lower, quite irrespectively of th^r real 
positions,^of which the mind has, and can have, no 
cognizanceT' 

12. JVhen an external body is ascertained py touch to 
be simple^ it forms but one h{ta^c on the retina of a single 
eye; and ivhen two or more images fall on the retina of 
a single eye\ they ordinarily proceed from a corresponding 
Hunger of bodies which are distinct to the touch. 

Conversely^ the sensation of two or more images is 
judged by the mind to proceed from two or more objects. 

If two pin-holes be made in a piece of cardboard at a 
distance less than the diameter of the pupil, and a small 
object like the head of a pin be held pretty close to the 
eye, and viewed through these holes, two images of the 
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head of the pin will he seen. The reason of this is, that 
the rays of light from the head of the pin arc split by the 
card into two minute pencilwhich pass into the eye on 
either side of its centi^, and cannot be united again and 
brought to one focus on account of the nearness of the 
pin to tlic eyc^ Hence they fall on different parts of the 
retina, and erich pencil of rays, being very small, makes a 
tolerably distinct image of its own of the pin’s head on 
the retina* Each of these images is now referred outward 
(§ lo) in the direction of the appropriate optic axis, and 
two pins are apparently seen instead of one. A like cxl>la- 
nation applies to imiUiplyingglasses doubly refract- 
ing crystals, both of whicli, in their own ways, split the 
pencils of light proceeding from a single object into two 
or more separate bundles. These give rise to as many 
images, each of which is referred by the mind lo a distinct 
external object. , 

13, Certain visual fhtnomena ordinarily accompaf^y those 
prodaels of tactile sensation to which we give the name 
of si^e^ distance^ and form. Thus^ 0titer things being 
atikcy the space of the retina covered by the image of a 
large object is larger than that covered by a small object j 
while that co 7 /crcd by a near object ts larger than that 
covered by a distinct object; and, other conditions being 
alike^ a near object is more briHiant than a distant one. 
Furthermore, the shadows of objects differ with the for^ns 
of their surfaces, as determined by touch. « 

Conversely, if these visual sensations can be produced, 
they imviiabiy suggest a belief in the existence of objects 
compeynt to protuice the corresponding tactile :^jnsaiioits. 

What is called perspective, whether solid or aerial, in 
drawing, painting, depends on the application of these 
principles, it is a kind erf visual ventriloquism—the 
painter putting upon his canvas all the conditions requisite 
for the production of images on the retinn, having the size, 
relative form, and intensity of colour of those which would 
actually be produced by the objects themselves in nature. 
And the success of his picture, as an imitation, depends 
upon the closeness of the resemblance between the images 
it produces on the retina, and those which would be pro¬ 
duced by the objects represented. 

14. To most persons the image of a pin, at five or six 

R 2 
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inches from the eye, appears blurted and indistinct—the eye 
not bcing'capablc of adjustment to so short a focus. If a 
small hole be made in a piece of card, the circumferential 
rays which cause the blur are cdt off, and the image 
becomes distinct. But at the same time it is magnified, 
or looks bigger, because the image of the pin, in st>ite of 
the loss of the circumferential rays, occupies a much 
larger extent of the retina when close than when distant. 
All convex glasses produce the same effect—while concave 
lenses diminish the apparent sue of an object, because 
they diminish the size of its image on the retina. 

15. The moon, or the stin, when near the horizon appear 
very much larger than they arc wlien high in the sky. 
When in thv latter position, in fact, wc have nothing to 
compare them with, and the small extent of the retina 
which their images occupy suggests small absolute size, 
Tiut as they set, we see them passing behind great trees and 
buildings which we know to be very large and very distant, 
and yet occupying a larger space on the retina than the 
latter do. lienee the vague suggestion of their larger 
size* 

16. If a convex surface be lighted from one side, the side 
tovviirds the light is bright—that turned from the light; 
ditVk, or in shadow; while a concavity is shaded on the 
side towai'ds the light, bright on the opposite side. 

If a new half-crown, or a medal with a wcU-raised head 
upon its face, bo lighted sideways by a candle, we at once 
know the head to be raised (or a cam^o) by the disflpsition 
of the light and shade; and if an intagliay or medal on 
which the ^ad hollowed out, be .lighted in the ratne 
way, its nature is as readily judged by the eye* 

But now, if either of the objects thus lighted be viewed 
with a convex lens, which invetts its position, the light and 
dark sides will be reversed. With the reversal the judg¬ 
ment of the mind will change, so that the cameo will be 
regarded as an intaglio, and the intaglio as a cameo ; 
for the light still comes from where it did, but the cameo 
appears to have the shadows of an intaglio, and vice versd^ 
So completely, however, is this interpretation of the ^acts 
as a matter of judgment, that if a pin be stuck beside the 
medal so as to throw a shadow, the pin and its shadow, 
b;:ing reversed by the lens, will suggest that the direction 
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of the light is also reversedj and the medals wijl seem to 
be what they really are. 

17* Whemn^er an external object is watched rapidly 
changinji^ itsform^ a continuous series oj different pictures 
of the object is impressed upon the same spot of the retina. 

Conversely^ if a continuous series of differentpicinrts of 
one object is impressed upon one part of the retina^ the 
mind judges that they arc dm to a singte external object^ 
undergoing changes of form. 

This is the principle of the curious toy called the ikau- 
mairope^ or “ zootrope,or “ wheel of life,” by the help' of 
which, on looking through a hole, one ^ees images of 
jugglers throwing up and catching bails, or^boys playing 
at leapfrog over one another’s backs* This is managed 
by painting at intervals, on a disk of card, figures and < 
jugglers in the attitudes of throwing, waiting to catch, and 
catching ; or boys “ giving a bahk,” leaping, and coming 
into position after leaping* The disk Is then made to 
rotate before an opening, so that each image shall be pre¬ 
sented for an instant, and follow its predecessor before the 
impression of the latter has died away. The result is that 
the succession of different pictures irresistibly suggests " 
one or more objects undergoing successive changes—the 
juggler seems to throw the balls, and the boys appear to 
jump over one another's backs* 

18. When an external object is ascertainedffy touch to 
be single^ the centres of its retinal images in the two eyes 
fait upon the centres of the yellow spots of the ivfo eyes^ 
when both eyes are directed towards it; but if there be 
two External objects,^ the centres of both their images 
cannot fajl^ at the same time^ ufon ike centres of the 
yellow spots. , 

Conversely^ when the centres of two images^formed 
simultaneously in the two eyes^ fall upon the centres of 
the yellow spots^ the mind judges the images to be caused 
by a single external object; but if not^ by two. 

This seems to be the only admissible explanation of the 
facts, that an object which appears single to the touch and 
when viewed with one eye, also appears single when it is 
viewed with both eyes, though two images of it arc neces¬ 
sarily formed ; and on the other hand, that when the 
centifes of the two images of one object do not fall on the 
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centres of the yellow spots, both images are seen sepa¬ 
rately, and we have double vision. In squinting, the axes 
of the two eyes do not converge equally towards tlic object 
viewed. In consequence of this, when the centre of the 
image formed by one eye falls on the centre of the yellow 
spot, the corresponding part of tliat formed by the other 
eye docs not, and double vision is the result. 

. 'For simplicity's sake we have supposed the images to 
f^l on the centre of the yellow spot. 13 ut though vision is 
dislinct only in the yellow spot, it is not absolutely limited 
to it; and it is quite possible for an object to be seen as a 
single object wfth twO eyes, though its images fall on the 
two retinas#outside the yellow spots. All that is neces¬ 
sary is that the two spots of the retinas on which the images 
fall should be similarly disposed towards the centres of 
their respective yellow spots. Any tw^o points of the two 
retinas thus similarly disposed towards their respective 
yellow spots for more exactly to the points in which the 
optic axes end), are spoken of as corresponding points; 
and any two images covering two corresponding areas 
arc conceived of as coming from a single object. It is 
obvious that the inner (or nasal) side of one retina corre¬ 
sponds to the outer (or cheek) side of the other. 

19. Jr> single vision with two eyes^ the axes of the two 
cyeSy of the movements of which the muscular sense gives 
an indication^ cut one another at a greater angle when the 
object approaches^ at a less angle when it goes further off. 

Conversely^ if without changing the posiiimt of an 
object^ themresof the two eyes which view it can be made 
to converge or diverge^ the object will seem to approach or 
go further offi 

In the instrument called^the psiudoscope^ mirrors or 
prisms are disposed in such a manner that the angle at 
which rays of light from an object enter the two eyes, can 
be alter^ without any change m the object kscif; and 
consequently the axes of these eyes are made to converge or 
diverge, in the former case the object seems to approach; 
in the latter, to recede, 

20i When a body of moderate sisCj ascertained by touch 
to be soltdf is viewed with both eyes^ the images of it^ 
formed by the two eyeSf are necessarily different {one 
showing more of its right side^ the other of its left 
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Nevertheless^ they coalesce into a common imtfgc^ which 
gives the impression of solidity. 

Conversely^ if the Hwo images of the right and left 
aspects of a solid body be made to fall upon the reiinas of 
the two eyes in such a way as to coalesce into a common 
imagCt they are judged by the mind to proceed from the 
single solid body which alone^ under ordinary circunt' 
stances^ is competent to produce (hem. 

The slereoscope is constmeted upon this principle. 
Whatever its form, it is so contrived as to throw* the 
in^ages of two pictures of a solid body^ such as would be 
obtained by the right and Icfi ey^ of a spectator^ on to 
such parts of the retinas of the person ^o uses the 
stereoscope as would receive these images, if they I'eally 
proceeded from one solid body. The mind inimediately 
judges them to arise from a single external solid body, and 
secs such a solid body tu place of the two pictures. 

The Operation of the mind upon the sensations presented 
to it by the two eyes h exactly comparable to that which 
takes place when, on holding a marble between the finger 
and thumb, we at once declare it to be a single sphere 
(§ 4). 'i'hat which is absolutely presented to the mind by 
the sense of touch in this case is by no means the sensa* 
tion of one spheroidal body, but two distinct sensations of 
two con vex»surfaces. That these two distinct convexities 
belong to one sphere, is an act of judgment, oar process of 
unconscious reasoning, based upon many particulars of 
past and present experience, of which we have, at the 
momfntt no distinct consciousness. 
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ELEMENIARY PHYSIOLOGY 




LESSON XL 


THE NERVOUS .SYSTEM AND INNERVATION 


r. The sensory organs ai'c^ as wc liave seen, the chan¬ 
nels through which particular physical agents are enabled 
to excite the sensory neivcs with which these organs arc 
connected ; and the activity of these nerves is evidenced 
by tluit of the central organ of the nervous system, which 
activity becomes manifest as a state of consciousness— 
,the sensation. 

We have also seen that the muscles are instruments by 
which a motor nerve, excited'by the central organ with 
which it is connected, is able to produce motion. 

The sensory nerves, the motor nerves, and the central 
organ, constitute the greater part of the mrvous 
which, with its function of innervation^ we must now study 
somewhat more closely, and as a whole, 

2. The nervous apparatus consists of two sets of nerves 
and nerve^ntrcf, which are intimately connected together 
and yet may be conveniently studied apart- -rThese are 
the ceir^o-spinai system and the sympathetic system. 
The former consists of the iHtrcbro-spinat axis (composed 
of the brain and spinal cord) and the cerebral spinal 
nerves^^ which are connected with this axis. The latter 
comprises the chain of sympathetic ganglia^ the nerves 
which they give off, and the nervous cords by which they 
are connected with one another and with the cerebro¬ 
spinal nerves* 

Nerves are made up entirely of nerve-fibres, the struc¬ 
ture of which is somewhat different in the cerebro-spinal 
and in the sympathetic systems* (See Lesson XTI^ f 16.) 



THE SPINAL CORD. 





Nerve-centres, on the otV*er hand, are compose^ of ner%^e- 
celh or gmfj(iwmc corpuschs^ minified with nerve-fibres 
(Lesson XI I., § i6)* j^iich cells, or corpviselesj .ire found in 
various parts of the brain and spinal cord, in the sympa¬ 
thetic ganglia, and also in the ganglia belonging to spinal 
nerves as well as in certain sensory organs, such as the 
retina and the internal ear. 

3, The cerebrospinal axis lies in the cavity of the skull 
and spinal coluinn, the bony walls of which cavity are 
lined by a very tough fibrous membrane, serving as; the 
periosteum of the component bones of this region, and 
called the dura umfer. The brain* and spinal cord them¬ 
selves are closely invested by a very vascular fibrous 
tissue, called pin malcr. The numerous blood-vessels 
supplying these organs run for some distance, in the pia ^ 
mater, and ivhere they pass into the substance of the 
brain or cord, the fibrous msue'of the pia mater accom¬ 
panies them to a greater or less depth. 

The outer stirface of the//rt mater^ and the inner surface 
of the dura mater^ pass into a delicate fibrous tissue, line^ 
by an epithelium, which is called themembrane. 
Thus one layer of arachnoid coats the brain,and spinal* 
cord, and another lines the dura mater. As these layers 
become continuous with one another at various joints, the 
arachnoid fonns a sort of shut sac, like the pericardium^ 
and, in common with other serous membranes, it secretes 
a fluid, the arachnoid Jiitid^ into its interior. * The inter¬ 
space betw^een the internal and external layers of the 
arachnoid of the brain is, for the most part, very small; < 
thatAjetween the corresponding layers Af the arachnoid of 
the spinqj cord is larger. 

4, The spinal cord (Fig* 81) is a column of greyish- 
white soft substance, extenaing from the top of the spinal 
canal, where it is continuous with the brain, to about the 
second lumbar vertebra, where it tapers off into a filament. 
A deep fissurCj the anterior fissure (Fig. 82, i), divides it 
in the middle line in front, nearly down to its centre : and 
a similar cleft, the posterior fissure (Fig. 82, 2), also ex¬ 
tends nearly to its centre in the middle line behind. The 
pia mater extends into each of these fissures, and supports 
the vessels which supply the cord with blood. In conse¬ 
quence of the presence of these fissures, only a narrow 
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bridge of the substance of the cord connects its two 
halveSj and this bridge is traversed throughout its entire 
length by a minute canal, the ceMral canal of the cord 
(Fig. 82, 3). 

Each half of the cord is divided longitudinally into three 
equal parts^ the anterior, lateral, and posterior columns 
(Fig. S2, 6,7, S), by the lines of attachment of two parallel 
series of delicate bundles of nervous filaments, the roots 
of the spinal nerves. The roots of the nerves which arise 
aloiig that line which is nearer the posterior surface of the 



A. A Tront view of a pnruon of the cord. On the Hj^ht sid«, the anterior 
niot&, A.R.i are eatirc ; an the left side they are cut^ to show the pos¬ 
terior roots, 7^-^ 

U. A transverse section of the cord. Che atiterior fiSbUre ; /*« the posterior 

iissiirej the central canal; C, Che grey matter ; W, the white iilattor ; 
A.R^^ the anteriorTocc, P.R.^ the posterior root^ tJie guiigiion, and 
IT, the trunks of a spinai nerve. 

* 4 

cord .are called posterior roots ; those which arise along 
the other line are the anterior roots. A certain number 
ol anterior^nd posterior roots, on the same level or\,cach 
side of the cord, converge and form anterior andf osterior 
bundles, and then the two bundles, anterior and posterior, 
coalesce into the trunk of a spinal nerve; but before doing 
so, the posterior bundle presents an enlargement —ihe 



^ canal by apertures between the vertebra, called the 
veriehralforamina^ and then divide and subdivide, their 
ultimate ramifications going for the most part to \he 
muscles and to the skin. 

There are thirty-one pairs of these spinal nerves, and, 
consequently, twice as many sets of roots of spinal n^ves 
given ofi^ in two lateral series, from each half of the cord. 



XI.J STRUCTURE OF THE SPIHAL CORD. aj, 

■ 

5* A trainsversc section of the cord (Fig, Sr, 13^ and Fig* 
82) shows that each half contains two substances—a white 
substance on the outa/ide^ and a greyish red substance in 



Fig, 82 p^TRAN 5 VEasB Secteon of oNs-HAtr CP the SrtKAL Cord (im 

TUE Lumbar Region); magnified. 




anterior Asaure * a, pc&terior fUsore ; 3^ cencinl canal i 4 and 3^ bridge 
Connecting the two haivcA (posterior and anterior ooninussures): 6* pCbtA- 
rior cotumii: 7j lateral column ; 8, anterior cold^ ; 9^ posterior root i 
10, anterior root of nerve. 

A. posterior ham of grey matter; /, ft anterior horn of My matster, 
Thnmgh the several columns 6^ 7* ana 8^ each coinpa<^ of v^ite matEcr* 
an a«n the jHiotongations of the pia mater, which carry blood*vcaseht 
inte the cord the outside. The pia ntate^ iucU is seen over the whole 
of thfi cord. 
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the inter ion And this grey matter^ as it is called, is so 
disposed that, in a transverse section, it looks something 
1 ke a crescent, with one end biggfjr than the other, and 
with the concave side turned outwards. The two ends of 
the crescents arc called its horns or cortiua {Fig, S3, ^ 
the one directed, forwards being the anterior cornu; the 
one turned backwards the posterior cornu (Fig, 82, a a). 
The convex sides of the cornua of the grey matter approach 
one another, and are joined by the bridge which contains 
the central canaL 

'f here is a fundamental difference in structure between 
the grey and the white matten The white matter consists * 
entirely of nerve-fibres supported in a delicate framework ‘ 
of connectiiTe tissue, and accompanied by blood-vessels. 
Most of these fibres run lengthways in the cord, and con¬ 
sequently, in a transverse section, the white matter is really 
composed of a multitude'of the cut ends of these fibres* 

The grey matter, on the othef hand, contains in addi- 
tion, a number of ncrve-cells or ganglionic corpuscles, 

^ some of them of considerable she. These cells are wholly 
absent in the white matter. 

Many of the nerve-fibres of which the anterior roots are 
composed may be traced into the anterior cornu, while 
those of the posterior roots enter the posterior cornu. 

6. Th^T physiological properties of the oi^ans now de¬ 
scribed are very remarkable. 

If the trhnk of a spinal nerve be irritated in any way, as 
by pinching, cutting, galvanizing, or applying a hot body, 
two'things happen : in the first place, alLtlie muscles to 
. which filaments of this nerve are distributed, coqjratt; in 
^ the second, acute pain is felt, and the pain is ixifcrrcd to 
that part of the skm to which, fibres of the nerve are dis¬ 
tributed* In other words, the effect of irritating the trunk 
of a nerve is the same as that of irritating its component 
fibres at their terminations. 

The effects just described will follow upon irritation of 
any port of the branches of the nerve ; except that when a 
branch is irritated, the only muscles directly affected, and 
the only region of the skin to which pain is referred, will 
be those to which that branch sends nerve-fibres. And 
these effects will follow upon irritation of any part of a 
nerve from its smallest branches up to the pointy of ixi 
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trunks at which the ^ulterior and posterior bundles of root 
iibres uiiitCp 

7 p If the anterior biyfidlc of root fibres be irritated in the 
same way, only half the previous effects arc brought about* 
'riiat is to sa/j all the muscles to which the nerve is dis¬ 
tributed contract, but no pain is felt- 
So again if the posterior, ^anglionated bundle be irri¬ 
tated^ only half the effects of iiTitating the whole trunk is 
produced, But it is the other half j that is to say, none 
of the iTiiiscles to which the nerve is distributetl contr^-ct, 
but intense pain is referred to the whole area of skin 
, to which the fibres of the nerve arejdistributed, 

* 8, It is clear enough, from these experiments, that all 

the power of causing muscular contraction wlTich a spinal 
nerve possesses, is lodged in the fibres which compose its 
anterior roots ; and all the power of giving rise to sensa¬ 
tion, in those of its posterior roiKs. Hence the anterior 
roots are commonly called motor^ and the posterior 
semory. 

The sjimc truth may be illustrated in other ways. Thus, 
if, in a living animal, the anterior roots of a spinal nerve 
be cut, the animal loses all control over the muscles to 
which that nerve is distributed, though the sensibility of 
the region of the skin supplied by the nerve is perfect. 
If the posterior roots be cut, sensation is lost, aifd volun¬ 
tary movement remains* But if both roots be cut, neither 
voluntary movement nor sensibility is any longef possessed 
by the part supplied by the nerve* The muscles are said 
to be paralysed, and the skin may be cut, or burnt, with¬ 
out a»y sensation being excited. * 

If, whoT^both roots are cut, that end of the motor root 
which remains connected with the trunk of the nerve be 
irritated, the muscles contract; while, if the other end 
be so treated, no apparent effect results* On the other 
hand, if the end of the sensory root connected with the 
trunk of the nerve be irritated, no apparent effect is pro¬ 
duced, while, if the end connected with the cord btf thus 
served, violent pain immediately follows. 

When no apparent effect follows upon the irritation of 
any nerve, it is not probable that the molecules of the 
nerve remain unchanged. On the contrary, it would 
appear that the same change occurs in all cases-; but a 
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motor nerve is connected with nothing that can make that 
change apparent save a muscle : and a sensory nerve 
with nothing that can show an effect but the central 
nervous system. * 

9. It will be observed that in all the experiments men¬ 
tioned there is evidence that, when a nerve is irritated, a 
something, proljubly a change in the arrangement of its 
molecules, is propagated along the nerve-fibres. If a 
motor or a sensory nerve be irritated at any point, con¬ 
traction in the muscle, or sensation in the central organ, 
imrr»ediately follows, Dui if the neive be cut, or even 
tightly tied at any point between the part irritated and 
the muscle or central organ, the effect at once ceases, just 
as cutting a,telegraph w'ire stops the transmission of the 
electric current or impulse. When a limb, as we say, 
“ goes to sleep," it is because the nerves supplying it have 
been subjected to pressure sufficient to destroy the nervous ^ 
continuity of the fibreSi We lose voluntary control over, 
and sensation in, the limb, and these powers arc only 
gradually restored as that nervous continuity returns. 

Having arrived at this notion of an impulse travelling 
along a nerve, wc readily pass to the conception of a sensory 
" nerve as a nerve which, when active, brings an impulse to 
the central organ, or is afferentj and of a motor nerve, as a 
nerve tvhich carries awray an impulse from the organ, or is 
effirmt. It is very convenient to use these terms to dc- 
ifote the two great classes of nerves ; for, as we shall find 
(i 12), there arc afferent nerves which arc not sensory in 
the sense of giving rise to a change of consciousness, or 
sensation, wliile there arc efferent nerves which are not 
motor, in the sense of inducing muscular conlra^ion. 
Such, for example, are the nerves by which the*electrical 
fishes give rise to discharges of electricity from peculiar 
organs to which those nerves are distributed. The pneu- 
mogastric when it stops the beat of the licart cannot be 
called a motor, and yet is then acting as an efferent nerve, 

* Their "nervou* coatmuiiybecauBC theSr pfiysical cantjnulty ig npt 
intctruptcd ba ft wliolc. hut only that uf the aub^tance which nct^ as ft con¬ 
ductor of the nervops mfluence; or^ it may be that only the conducimj? 
power of a part at that subj^tanct is mtei^rcd with. Imsfifine a teLegraph 
cable, made of delicate caoutchouc tubes, filled with mercury—a s^iucejie 
woubi ititemipt the ** electrkftL continuity ^ of the without destroying 
itJi physical continuity. 'I'hb .inajogy laay not be exact, but it helps make 
the aervouft pheuomeuft intelligible. 
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It willj of course, be understood, as pointed out aboye, 
that the use of these words docs not imply that when a 
nerve is irritated in the middle of its length, the impulses 
set up by that irritation travel only away from the central 
organ if the nerve be efferent, and towards if it be afferenU 
On the contrary, we have evidence that in both cases the 
impulses travel both ways. All that is meant is this, that 
the afferent nerve from the disposition of its two ends, in 
the skin, and in the central organ, is of use only when 
impulses arc travelling along it towards the central organ, 
and similarly the efferent nerve is of use only when Im¬ 
pulses arc travelling along it, away from the central organ. 

lo. There is no difference in stnicturc, in chemical or 
in physical character, between afferent and efferent nerves. 
The ini pulse which travels along them requires a certain 
time for its propagation, and is vastfy slower than many 
other forces-even slower than sqpnd 

II* Up to this point our experiments have been confined 
to the nerves. We may now test the properties of the 
spinal cord in a similar way. If the cord be cut across 
(say in the middle of the back), the legs and all the parts 
supplied by nerves which come off bc’ow the section, will 
be insensible, and no effort of the will can make them 
move ; while all the parts above the section will retain 
their ordinary powers* j 

When a man hurts his back by an accident, the cord is 
not unfrequcntly so damaged as to be virtually cut in two, 
and then paralysis and insensibility of the lower part of 
the body ensue* 

If, when the cord is cut across in ar] ammal, the cut 
end of the portion below the division, or away from the 
brain, be irritated, violent movements of all the muscles 
supplied by nerves given off from the lower part of the 
cord take place, but there is no sensation. On the other 
hand, if that part of the cord, which is still connected with 
the brain, or better, if any afferent nerve connected with 
that part of the cord be irritated, great pain ensues, as is 
shown by the movements of the animal, but in these 
movements the muscles supplied by nerves coming from 
the spinal cord below the cut take no part; they remain 
perfectly quiet. 

12, Thus; it may be said that, in relation to the brain 
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the cord if; a great mixed motor and sensory nerve, But 
it is also much more, For if ihe trunk'of a spinal nerve 
be cut through, so as to sever its connection with the cord, 
an irritation of the skin to which the sensory fibres of that 
nerve are distributed, produces neither motor nor sensory 
effect, 

But if the cord be cut through anywhere so as to sever 
its connection with the brain, irritation applied to the skin 
of the parts supplied with sensory nerves from the part of 
the cord below the section, though it gives rise to no sen¬ 
sation, may produce violent motion of the parts supplied 
with motor nerves froni the same part of the cord. 

'I'hus, in the case supposed above, of a man whose legs 
are paralysetl and insensible from spinal injury, tickling 
the soles of the feet vrill cause the legs to kick out convul¬ 
sively, And as a broad fact, it may be said that, so long 
as both roots of the spinal nerves remain connected with 
the cord, irritation of any afferent nerve is competent tc) 
give rise to excitement of some, or the whole, of the efferent 
nerves so connected. 

If the cord be cut across a second time at any distance 
below the first section, the efferent nerves below the second 
cut will no longer be affected by irritation of the afferent 
nerves aljove it—but only of those below the second sec¬ 
tion. Or, in other words, in order that an afferent impulse 
^nay be converted into an efferent one by the spinal cord, 
the afferent nerve must be in uninterrupted material com¬ 
munication with the <?ffej:ent' nerve, by means of the sub- 
'Stance of the spinal cord. 

This peculiar power of the cord, by which ^ is'com¬ 
petent to convert afferent into efferent impulses, is that 
which distingfuishes it physiologically, as a central organ, 
from a nerve, and is called reflex aciton, -It is a power 
possessed by the grey matter, and not by the white sub¬ 
stance ol the cord. 

13, The number of the efferent nerves which may be ex¬ 
cited by the reflex action of the cord, is not regulated alone 
by the number of the afferent nerves whicli arc stimulated 
by the irritation which gives rise to the reflex action. Nor 
does a simple excitation of the afferent nerve by any means 
necessarily imply a corresponding simplicity in the ar¬ 
rangement and succession of the reflected motor imptlses. 
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'I'ickling the sole of the fotH a very simple excitation of 
the afferent fibres of its nerves ; but iii order td* produce 
the muscular actions by which the legs arc drawn up, a. 
great multitude of effbrent fibres must act in regulated 
combination. In fact, in a multitude of cases, a reflex 
action is to be regarded rather as an order given by an 
arforciit nerve to the cord, and executed by it, than as a 
mere rebound of the afferent impulse into the first efferent 
channels open to it*' 

The various characters of these reflex actions mayjsc 
very convcnierLtly studied in. the frog. If a frog be deca¬ 
pitated, or, better still, if the spinal cord be divided close to 
tlic bend and the brain be destroyed by passing a blunt 
wive int(j the cavily of the skull, the animal thus de¬ 
prived (by an operation which, being edmost instantaneous, 
can gbo rise to very little pain) of all consciousness and 
voUiion, and yet the spinal cord left intact* At first the 
animal is quite flaccid and apparently dead, no movement 
of any part of the body (except the beating of the heart) 
being visible. This condition, however, being the result 
merely of the so-called^shock of the operation, very soon 
passes off, and then the following facts may observed, 

So long as the animiU is untouched, so long as no 
stimulus is brought to bear upon it, no movement of any 
kind takes place—volition is wholly aljsent, 

If, however, one of ihe toes be gently pinched, the leg 
is immediately drawn up close to the body. 

If the skin between the thighs around the anus be 
pinched, the legs are suddenly drawn up and thrust out 
again^iokntly* 

If tne flank be very gently stroked, there is simply a 
twitching fhovement of the muscles underneath ; if it be 
more roughly touched, or phlclied, these twitching move¬ 
ments becomV more general along the whole side of the 
creature, and extend to the other side, to the hind legs, 
and even to the front legs* 

If the digits of the front limbs be touched, these will be 
drawn close under the body as in the act of clasping. 

If a drop of vinegar or any acid be placed on the top of 
one thigh, rapid and active movements will take place in 
the leg The foot will be seen distinctly trying to mb 
off the drop of acid from the tliigh. And what is still 
• s 



258 ELEMENT A R Y PlfYSIOlOG K 

more striking, if the Jcg be held tight and su prevented 
from mtfving, tJie other leg will begin to rub off the aqid. 
Sometimes if the drop be too largo or too strong both legs 
begin at once, and then frequently the movements spread 
from the legs all over the body, and the whole animal is 
thrown into convulsions* 

Now ail these various movemcnls, even the feeblest and 
simplest, require a certain combination of muscles, and 
some of them, such as the act of rubbing off the acids, are 
in the highest degree complex. In all of them, too, a ccr- 
taiVi purpose or end is evident, which is generally either to 
remove the body or part of the body from the stimulus, 
from the cause of irritation, or to thrust away the offending 
object from the body; in the more complex movements 
such a purpose is strikingly apparent. 

It seems, in fact, that in the frog's spinal cord there are 
sets of nervous machinery destined to be used for a variety 
of movements, and that a stimulus passing along a sensory 
nerve to the cord sets one or the other of these pieces of 
machinery at work, 

14- Thus the spinal cord is, in part, merely a trans* 
mitter of impulses to and from the bratn ; but^ in part, it 
is an independent nervous centre, capable of originating 
combined movements upon the reception of the impulse 
of an afferent nerve. 

Regarding it merely as a conductor, the question arises, 
do all ports of it conduct all kinds of impulses indifferently? 
Or are certaih Itiiids of impulses communicated only 
through particular-parts of the cord ? 

Tht following^ experiments furnish a partial rqply to 
these questions :— 

If the anterior half of the white matter or the dorsal 
part of the cord be cut through, the will is no longer 
capable of exerting any injfluence on the muscles which 
are supplied with nerves from the lower segment of the 
cord. A similar section, carried through the posterior 
half of the white matter in this region, has no effect on the 
'Transmi*!sion of voluntary impulses. It ia obvious, there¬ 
fore, that in the dorsal part of the cord, nervous impulses 
from the brain are sent through the anterior part of the 
white matter. 

The posterior half of the white matter may be cut 
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through at one jpoijit, aild the anterior half at a point a 
[ittle higher up, §0 that all the while fibres sUah^lie divided 
transversely by the one cut or the other, without any in¬ 
terference with the material continuity of the cord, or 
damage to the grey matter. 

When this has been done, irritation of those sensory 
nerves which are connected with parts below the section 
excites the sensation of pain as strongly as even Hence 
it follows, that the afferent impulses, which excite j^ain 
when they reach the brain, pass through, and arc conveyed 
by, the grey matter. And it has been found, by experi¬ 
ment, that, so long as even a snj^l portion of the grey 
matter remains entire, these afferent impulses are efficiently 
transmitted. Singularly enough, however, irfitation of the 
grey inattcr itself is said not to cause pairu^ 

If one-half of the cord, say the right, be cut through, 
transversely, down to its very middle, so as to interrupt alb 
continuity of both white and grey matter between its upper 
and low'cr parts, irritation of the skin of the right side of 
the body, below the line of section, will give rise to as 
much pain as before, but all voluntary power will be lost 
in those muscles of that side, which arc supplied by nerves 
coming off from the lower portion of the cord* Hence it 
follows, that the channels by which the afferent impulses 
are conveyed must cross over from the side of the cord 
which they enter to the opposite side; while the efferent 
impulses, sent down from the brain, must travel along that 
side of the cord by which they pass offt. 

If this be true, it is clear that.a longitudinal section, 
tafcc^ through the exact middle of th^ cord, will greatly 
impair, if not destroy, the sensibility of both sides of the 
body below the section, but will leave the muscles under 
the control of the will, Tftid it is found experimentally 
that such is very largely the case, 

ij, Such arc the functions of the spinal cord, taken 
as a whole. The spinal nerves are, as we have said, 
chiefly distributed to the muscles and to the skin* The 
nerves of the blood-vessels, for instance, the so-eallcd 
vaso-molor nerves (Lesson 1 L § 23), belong not to the spinal, 

' Thii* in why, in the experim^t descfibed nt end of | n., it is better for 
presence of sensations to irritate afferent cervea connected with 
the •(jtH rather than the cut end of the cord 
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Fiu^ 83 .—The Bass. ’tiJS B&mn* , 

A. frontal [obc \ B. temporal hhc of th* corebrAl hemispltefc^ ‘ <^reb&]- 

Iiim; /♦ ihc olfactory iicrvi: : //. ihe optic nerve j ///- the nctvcs 

of the muM:les of tho eye ; Y* the triguminfll nerve F/A the ^rtio durAv 
F///. the auditory nerve; JA\ lEic ^lo^scpliaryitgcal ; X. the pneumo 
gastrlc; Jff. the spinal ardcssrfjry; XI f. the hyiKifflossal, or motor nerve 
of the tongue.' The number F/. is placed iipi>ri" the Varoin, The 
crtttvt op^hri are the broad bimrlles of fibres which lie beiween the third 
and the fourth tictvea on each hide. The medulla oblongatn (.17) is seen to 
be tcadly a contmitation of the spinal enrd ; on the lower end are seen the 
two cresoeots of grey matter j the scctionj in faci^ has iHSen carried through 
the spinal cord, a litiLe below the proper medulla oblongntsL From the 
sLiee of the medulla oblongali are aeen coming off tbe X , XI. t and XII * 
nerves j and just where the medulla is coveredj so to epeaV, by the trans¬ 
versely dlspoted jAcW# Fa^lR, are seen cdining off the F//, nerve, and 
more towaras the middle line the F/, Out of the substance of the 
springs the F« nerve. In front of that is seen ihc well-dcfiued uu|]!!tior 
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but to the iiympf^theiic system. Along the spiral column, 
however, the spinal nerves give off branches which run in 
and join the sympathetic system. And it appears that 
many at least of the fibres which run along^in the syTn- 
pathetic nerves going to blood-vessels, do really spring 
fnnn the spinal cord, finding their way into the syin- 
patlictic system through these communicatmg or commis¬ 
sural branches, 

ICxpcrimcnts moreover go to show that the nervous in- 
fluonce wliich keeps up the tone of the blood-vessels^ that 
is, which keeps them in the usual condition of moderate 
contraction, proceeds from the spinal cord* 

The cord is, therefore, spoken of as containing antres 
for the vaso-motor nerves or, more shortly, vaso-motor 
cdnircs^ , 

h'or example, the muscular walls of the blood-vessels 
su[jplying the ear and the skin bf the head generally, are 
made to contract, as has been already mentioned, by 
nervous fibres derived immediately froni the sympathetic, 
These fibrehowever, do not arise from the sympathetic 
ganglia, but simply pass through them on their way from 
the spinal cord, to the upper dorsal region of which they * 
can all be traced* At least, this is the conclusion drawn ' 
from the facts, that irritation of this region oj the cord 
produces the same effect as irritation of the vaso-motor 
nerves themselves, and that destruction of this part of the 
cord paralyses them^ 

Recent researches, however, have shown that the^ ner¬ 
vous influence docs not originate here, but proceeds from* 
higlter up, from the medulla oblongata*in fact, and simply 
passes dpwn through this part of the spinal cord on its 
way to join the sympathetic ganglia. 

16. The brain (Fig* 83) is a complex organ, consisting 
of several parts, the hindermost of Avhich, termed mediiHa 

border of ; and coming forward in front of that line, l^ctwccn the 

ly i and /y/, nerves either Mdc* are aeon the cruni cerebri. Tlic two 
round bodies in the an^le lx:twcon llic diverging entra. are the so-called 
C0r^rti amd in front of them isi /, the pituitary bi^y. _ Ihis 

rests on the ch'iA^mai or junction, of the optic nerves ; the cotitmuation of 
each Dcrvc is jiwm (tweepitig: round the ctum cerebri on either side* Im¬ 
mediately in front, between the separated frontal lobes of the cerebral 
hern sphere?, w wen the corpus callo'^um, CC. The fissure of Sylviu?, almut 
?i level with /. on the left and //- on ihc right side* marin the division 
frontal and temporal lobes. 
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oblongata^ passes insensibly into, and ingits lower part 
has the same structure as, the spinal cord. 

Above, however, it widens out, and the central canal, 
spreading with it, becomes a broad cavity, which (leaving 
certain anatomical minutiae aside) may be said to be 
widely open above. This cavity is termed the fourth 
'venfridt* Overhanging the fourth ventricle is a great 
laminated moss, th^ccrebdlum (CT* Figs. 83, 84, S5). On 
each side, this organ sends down several layers of trans¬ 
verse'fibres, which sweep across the brain and meet in tbe,, 
middle line of its base, forming a kind of bridge (called 
fous Varolii^ Fig. 83) in front of the medulla oblongata. 
The longitudinal nerve-fibres of the medulla oblongata 
pass forwards, among, and between these layers of trans- 
tverse fibres, and become visible, in front ci" the pons, as 
two broad diverging bundles, called crura cerebri (Fig. 
83)* Above the crura ce'rebri lies a mass of nervous 
matter raised up into four hemispherical elevations, called 
corpora quadrigemina (C*Q. Fig, 85). Between these 
and the crura cerebri is a narrow passage, which leads 
from the fourth ventricle into what is termed the third 
*^mtrkU of the brain. The third ventricle is a narrow 
cavity lodged between two great masses of nervous 
matter, ca(Jed optic tkalami^ into which the crura cerebri 

« ass. The roof of the third ventricle is merely membra- 
aus; and ^ peculiar body of unknown function, the 
pineal bod^^ 1$ connected with it. The floor of the third 
ventricle is produced into a sort of funnel, which ends in 
^another anomalous organ, the pituitary body [Pt Fig. Sj ; 
/'•Fig. 83), - ^ * 

The thira ventricle is closed, in front, by a tbin layer 
‘ of nervous matter; but, bcyoi\a this, on each side, there 
is an aperture, in the boundary wall of the third ventricle 
which leads into a large cavity. The latter occupies the 
centre of the cerebral hemisphere^ ^nd is called the lateral 
ventricle. Each hemisphere is enlarged backwards, down* 
wards, and forwards into as many lobess and the lateral 
ventricle present^ corresponding prolongations, or cornua. 

The floor of the latersu ventricle is formed by a moss of 
nervous matter, coAed ^pm striatum^ into which the 
fibres that have traversed ihe optic thalamus enter (Fig, 
85, as.). ^ 
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The liemispheips ^rc &o large that they overlap all the 
other parts of the brain^ andj in the upper vtewj hide thenrip 
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A sid« vifivcf theliram nnd iippv:i‘ part of the spinal coi*d tn place—the 
parts which cover the cerebTo-spiria[ centres being removed^ C, C the con¬ 
voluted surface of ihc right cerebral hcmii^hera; Ci. the oerebelium; 0$. 

the medulla ublongata; the bodies or the cervical wrtebne; their 
spines; the spinal cord with the spinal nerves. ^ 

Their applied faces arc sepaqpcd by a median fissure 
for the greater part of their extent; butj inferiorly, are 
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joined by a thick mass of Irnlnsvcrsc fibres, the corpus 
caUosmd {YX^. 83 , CC\ • 

The outer surfaces of the hemispheres are marked out 
into convolutions^ or gyn^ by nurncrous deep fissures (or 
suki\ into which the pi a mater enters. One lar^c and 
deep fissure which separates the anterior from the middle 
<li\'ision of the hemisphere is called the fissure of Syhjius 

It'ig- 83). 

17. In the medulla oblongata the arran^^ciiicnt of the 
wlpte and grey matter is siibstanitally similar to that 
which obtains in the spinal cord ; that is to i^ay, the white 
matter is external anfl the grey internal. But in llie cere¬ 
bellum ’aoA cerebralhtmhphereSy the grey matter is externa! 
und the whKtc internal; while, in the optic ihalnmi and 
corpora striata^ grey matter and white matter are variously 
intermixed. 


i8» Nerves are given off from the brain in pairs, which 
succeed one another from before backwards, to the nuni' 
her of twelve (Fig. 85), 

The first pair, counting frotn before backwards, arc the 
olfactory and i\\Q second are the optic nerves. The 

functions of these have already been described. 

The third pair arc called motores oculi (movers of the 
cy^)f because they are distributed to all (he muscles of the 
eye except two. * 

The nerves of the fourth pair and of the sixth pair 
supply, each, one of the muscles of the eye, on each side ; 
the fourth going to the superior oblique muscle, and the 
sixth to the cxte^;nal rectus* Thus the muscles of t(ic eye, 
small and close together as they are, receive tH!ir nervous 
stimulus by three distinct nerves* " 

Each nerve of the fifth p&ir is very large* It has two 
roots, a motor and a sensory, and further resembles a 
spinal nerve in having a ganglion on its sqi^sory root. It 
is the nerve which supplies the skin of the face and the 
muscles ofthe^aws, and, having three chief divisions, is 
often called trtgcjninaL One branch containing sensoi7 
fibres, supplies the front of the tongue and is often spoken 
of as the gustatofy. 

The seventh pair furnish with motor nerves the muscles 
of the face, and some other muscles, and are called 
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The eighth pn^r are the *auditory nerves. As the seventh 
nnd eighth pairs of nerves leave the cavity oT the skull 
together, they arc often, and especially by English ■writers 
on Euiatomy, reckoned as one^ divided \niQ portio dura^ or 
hard part (the facial) ; and porfio motlis^ or soft part (the 
auditory) of the “ seventh pair. 

'I'he ninth pair in order, the glossopharyngeal^ are 
mixed nerves ; each being, partly, a nerve of taste, and 
supplying: the hack of the tongue, and, partly, a motor 
nerve for the pharyngeal muscles. 



Krc. ^5,—A DlACKA^t [Ll.USTHATENG THS AKRA}jfm^:PMT OK TMfi PAkTS " 
OF I'llAlN ANO TUB OnJl^fN OF THB NeKVBS* 

J7. the cerK^iral hmmisphere'^; C.X corptis stmtum; Th, optic thalamus | 
pineal body I /V. pituitary bod^ ; C.t^, cfrrpora qiiadrij^niiiia \ Ci. evra- 
licllum; Af. mcdnlln oblongata ; /.—A'//, tbc pairs of cerebral nerves; 
the first and Hccund pairs of aplnai nerve^s. 

The tenth pair is formed by the two pmumogastric 
nerves, often called the par vagnnu These vciy impor* 
tant nerves, and the next pair, are the only cerebral nerves 
which are distributed to regions of the body remote from 
the head* The pneumogas trie supplies the larynx, the 
lungs, the liver, and the stomach, and branches of it are 
connected with the heart. 



266 KLEMKNTARY PHYSIOLOGY, [less. 

The €h%^enth pair again^ called spinal accessory ^ differ^ 
widely from .all the rest, in arising from the sides of the 
spinal marrowj between the anterior and posterior roots of 
the dorsal nerves* I'hey run up, gathering fibres as they 
gOj to the medulla oblongata, and then leave the skull by 
the same aperture as the pncumogastric and glossopha- 
lyngeaL They are purely motor nerves, supplying certain 
muscles of the neck, while the pncumogastric is mainly 
sensory, or at least afTerent, As, on each side, the glosso¬ 
pharyngeal, pncumogastric, and spinal accessory nerves 
leave the skull together, they arc frequently reckoned as 
one pair, which is theii counted as the eighilu 

The last two nerves, by this method of counting, become 
the ninth pair, but they are really the twelfth. They arc 
the motor nerves which supply the muscles of the tongue* 

19, Of these nerves, the two foremost pair do not pro¬ 
perly deserve that name, but are really processes of the 
brain* The olfactory pair are prolongations of the cer< 
bral hemispheres ; the optic pair, of the walls of the thirt 
ventricleand it is worthy of remark, that it is only these 
two pair of what may be called false nerves w*hich arise 
from any part of the brain but the medulla oblongata— 
all the other true nerves bein^ indirectly, or directly, 
traceable to that part of the brain, while the olfactory and 
optic nertes arc not so traceable, 

20. As might be expected from this circumstance 
alone, the hiedulla oblongata is an extremely important 
part of the cerebro-splnal axis, injury to it giving rise to 
immediate evil consequences of the most serious kind. 

Simple puncture of one side of the floor of »ke fourth 
ventricle produces fora while an increase of the^quantity 
of sugar in the blood, beyond that which can bo destroyed 
in the organism. The augaf passes off by the kidneys, 
and thus this slight injury to the medulla produces a 
temporary disorder closely resembling the disease called 
diabetes. 

More extensive injury arrests the respiratory processes, 
the medulla oblongata being the nervous centre which 
gives rise to the contractions of the respiratory muscles 
and keeps the respiratory pump at work. 

The motor nerves engaged in ordinary respiration arc 
certain spinal nerves, vi/, the intercostal nerves supplying 
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the intercostal muscles and the phrenic nerve supplying 
the diaphragni. These motor nerves are undoubtedly 
brought into action by impulses proceeding at intervals 
from the medulla oblongata, But how these rhythmic 
impulses originate in the medulla oblongata is not very 
clear. There are reasons for thinking that the presence 
of venous blood in the lungs acts as a stimulus to the' 
endings of the pneumogastric nerves^ and sets going 
impulses which, travelling up along tliose nerves to the 
medulla oblongata^ there produce respiratory movements 
by reflex action. But this is not all, for respiration, 
though profoundly modified, is not mrested by division 
ot* destruction of the pneumogastric nerves* probably 
the medulla oblongata contains a nervous mcchatitsm 
which acts as an independent centre in a manner some¬ 
what similar to the ganglia of the heart; and so go^s on 
of itself, ihougli extremely sensitive to, and thus continually 
inlluencal by, the condition of the blood not only in the 
lungs but all over the body. 

If the injuries to the medulla oblongata be of such a 
kind as to irritate the rftots of the pneumogastric nerve 
violently, death supervenes Jjy the stoppage of the heart's 
action ill the manner already described (See Lesson II.) 

21* The afferent impulses, which arc transmitted through 
the cord to the brain and awake sensation there, cross, 
as we have seen, from onc-half of the cord to tlje other, 
immediately after they enter it by the posterior roots of 
the spinal nerves ; while the efferent, or volitional, impulses 
from the brain remain, throughout the cortl, in that half 
of it from which they will eventually pass 1>y the anterior 
roots* But at the lower and front part of the medulla 
oblongata, these also cross o^et; and the white fibres 
which convey them arc seen passing obliquely from left 
to right and from right to left in what is called the 
decuiSfTtifjn 0/ the anterior pyramids (Fig, 83). Hence, 
any injury, at a point higher up than the decussation, to 
the nerve-fibres which convey motor impulses from the 
brain, paralyses the muscles of the body and limbs of 
the opposite side. 

Division, therefore, of one of the crura cerebri^ say the 
right, gives rise to paralysis of the left side of the body 
and and the animal operated upon falls over to the 
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left sidcj because the limbs uf that side are uo longer able 
to support the weight. 

Bolj as the motor nerves givcjp off from the lirain itself 
and arising from the me<liilta above the decussation of 
the pyramids do not cross over in this way^ it follows, that 
disease or injury at a given point, on one side of the 
medulla oblongata, involving at once the course of the 
volitional motor channels to the spinal marrow, and the 
origins of the cranial motor nerves, will affect the same 
%idc of the head as that of the injury, but the opposite 
bide of the body. 

If the origin of,the left facial nerve, for example, be 
injured, anti the volitional motor fibics going to the cord 
destroyed, in the upper part of the medulla oblongata, the 
muscles of the face of the left side will be paralysed, and 
the features will be drp.wn over to the opposite side, the 
muscles of the right side having nothing to counteract 
their action, But it is the right iirm, iind the right leg 
and side of the body, which will be powerless. 

22. The functions of most of the parts of the brain 
which lie in front of the me<lulla oblongata arc, at present, 
very ill understood ; but it is certain that extensive 
injury, or removal, of the cerebral hemispheres puts an 
end tcT intelligence and voluntary movement, and leaves 
the animal in the condition of a machine, working by the 
reflex action of the remainder of the ccrcbro-spinal axis. 

We have seen that in the frog the movements of the 
body which the spinal cord alone, in the absence of the 
whole of the brain including the ineduUa ofclorgata, is 
capable of executing, arc of themselves strikingly complex 
and varied. But none of these movements arc voluntary 
or spontaneous; they nevhr occur unless the animal be 
stimulated. Removal of the cerebral hemispheres is alone 
sufficient to deprive the frog of all spontaneous or voluntary 
movements; but the presence of the medulla oblongata 
and other parts of the brain (such as the coiyora quadri- 
gemina, or what corresponds to them in the ftog, and the 
cerebellum) renders the animal master of movements of a 
far higher nature than when the spinal cord only is left. 
In the latter case the animal does not breathe when 
left to itself, lies flat on the table with its fore limbs 



^[.] ' fiWCTIOA^S OF THE CEREBRUM. 269 

beneath it in an uiinaliiral position j when irritated kicks 
out its legs, and may be thrown into actual convul¬ 
sions, but never jumps from place to place; when thrown 
into a basin of water falls to the bottom like a Jump of 
lead, and when placed on its back will remain so, without 
making any effort to turn over. In'the former case the 
animal sits on the table, resting on its front limbs, in the 
position natural to a frog ; breathes quite naturally; when 
pricked bchintl jumps away, often getting over quite a 
considerable distance; when thrown into water begins al 
once to swim, and continues swimming until it finds some 
object on which it can rest \ and when placed on its back 
immediately turns over and resumes its natural position* 
Not only so, but the following very striking experiment 
may be performed with it* Placed on a small board it 
remnins perfectly motionless so long as the board is 
horizontal; if, however, the hoard be gradually tilted up 
so us to raise thcanimars head, directly the board becomes 
inclined at such an angle as to throw the frog’s centre of 
gravity too much backwards, the creature begins slowly 
to creep up the board, and, if the board continues to be 
inclined, will at last reach the edge, upon which when the 
board becomes vertical he will seat himself with apparent 
great c ontc i\t, N eve rthelcss, Ih ough hi s move ment s when 
they do occur arc extremely well combined and appa¬ 
rently identical with those of a frog possessing the whole 
of his brain, he never moves spontaneously, and never 
stirs unless irritated. 

I'hcrc can he no doubt that the cerebral hemispheres 
are the scat of powers, essential to the production of those 
plienontena which we term intelligence and will; but there 
is no satisfactory proof, at present, that the manifesta¬ 
tion of any particular kind 01 mental faculty is especially 
allotted to, or connected with, the activity of any parti¬ 
cular region of the cerebral hemispheres. 

23. Even while the cerebral hemispheres, are entire, 
and in full possession of their powers, the brain gives 
vise to actions which are as completely reflex as those of 
the spinal cord. 

Wlien the eyelids wink at a flash of light, or a threatened 
blow, a reflex action takes place, in which the afferent 
nerves are the optic, the efferent the facial. When a bad 
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iftndl ciiiiscs n. grimace, llitrc is a reflex action througli 
the same motor nevve, while the olfactory nerves constitute 
the aflerent channels* In these cases, therefore, reflex 
action must be cflected through^the brain, all the nerves 
involved being cerebraL 

When the whole* body starts at a loud noise, the 
afferent auditory nerve gives rise to an impulse which 
passes to the medulla oblongata, and llicncc affects the 
great majority of the motor nerves of the body. 

24. It may be said that these are mere mechanical ac- 
fians, and have nothing to do with the operations which 
we associate with intelligence. JJut let us consider what 
takes place in such'an act as reading aloud. In this ease, 
the whole attention of the mind is, or ought to be, bent 
upon the subject-matter of the book ; while a inultitude of 
most delicate muscular actions are going on, of which the 
reader is not in the slightest degree aware. Thus the book 
is held in the handj at the right distance from the eyes ; 
the eyes are moved from side to side, over the lines and 
up and down the pages* Further, the most delicately 
adjusted and rapid movennents of the muscles of the lips, 
tongue, and throat, of the laryngeal and respiratory muscles, 
are involved in the production of speech* Perhaps the 
reader is standing up and accompanying the lecture with 
appropriate gestures. And yet every one of these muscular 
acts may be performed with utter unconsciousness, on his 
part, of Anything but the sense of the words in the book, 
fn other words, they are reflex acts. 

25. The reflex actions proper to the spinal cord itscJl 
are naiural^ anji are involved in the structuri^of the cord 
and the properties of its constituents. \ly the heip of the 
brain we may acquire an infinity of ariificial leflcx actions, 
that is to say, an action may require all our attention and 
all our volition for its first, or second, or third performance, 
but by frequent repetition it becomes, in a manner, part of 
our organization, and is perfoi med without volition, or even 
consciousnes?- 

As everyone knows, it takes a soldier a long time to karn 
hii drill—for instance, to put himself into the attitude of 
“attention” at the instant the word of command is heard. 
But, after a time, the sound of the word gives rise to the 
act, whether the soldier be thinking of it, or not. There 
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is sx story, which is credible enough, though it may not be 
true, of a practical joker, who, seeing a discharged veteran 
carrying home his dinner, suddenly called out “Atten¬ 
tion 1” whereupon ihe man instantly brought his hands 
down, and lost his mutton and potatoes in the gutter. 
The drill had been thorough, and its eflTects had become 
embodied in the man^s nervous structure. 

The possibility of all education (of which military drill 
is only one particular form) is based upon the existence of 
this power which the nervous system possesses, of or^n- 
i^ing conscious actions into more or less unconscious, or 
reflex, operations. It may be laid down as a rule, that If 
any two mental states be called up together, or in succes¬ 
sion, with due frequency and vividness, the* subsequent 
production of the one of them will suffice to call up the 
other, and that whether we desire it or not. 

The object of intellectual education is to create such 
indissoluble associations of our ideas of things, in the order 
and relation in which they occur in nature ; that of a moral 
education is to unite as fixedly, the ideas of evil deeds with 
those of pain and degradation, and of good actions with 
those of pleasure and nobleness. 

26. The sympathetic system consists chiefly of a double 
chain of ganglia, lying at the sides and in froiit of the 
spinal column, and connected with one another, and with 
the spinal nerves, by commissural cords. From these 
ganglia, nerves are given off which for the most part follow 
the distribution of the vessels, but which, in the thorax and 
abdomen, form great networks, or plexus^s^upon the heart 
and 'Jbout the stomach. It is probable that a ^eat pro¬ 
portion of *he fibres of the sympathetic system is dertved 
from the spinal cord ; but cyphers also, in all probability, 
originate in the ganglia of the sympathetic itself. The 
sympathetic nerves influence the muscles of the vessels 
generally, and those of the heart, of the intestines, and of 
some other viscera : and it is probable that their ganglia 
are centres of reflex action to afferent nerves from these 
otgans. But many of the motor nerves of the vessels are, 
as we have seen, under the influence of particular parts 
of the spinal cord, though they pass through sympathetic 
ganglia. 
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LESSON XU. 

UiSrOT^OGY; 0A\ THE MINUTE STRUCTURE OF THE 

TISSUES. 


1. The various oi^ans and parts of the body^ the work' 
ing of -which has now been described, are not merely 
separable by the eye ard. the knife of the anatomist into 
membranes^ nerves, muscles, bones, cartilages, and so 
forth ; but each of them is, by the help of the miGroscope, 
susceptible of a finer analysis, into certain minute con¬ 
stituents which, for the present, may be considered the 
ultimate structural elements of the body. 

2, There is a time when the human body, or rather its 
radiment, is of one structure throughout, consisting of a 
more or^css transparent matrix^ very similar in nature to 
the substance of which the white blood-corpuscles arc 
composed^ and often called protoplasm^ through which 
arc scattered minute rounded particles of a different 
optical aspect. These particles arc called nuclei; and 
as the matrix, matter in which these nuclei are im¬ 
bedded, readily breaks up into spheroidal masses, one for 
each nucleus, and these investing masses ca^ly take on 
the form of vesicles or this primitive structure is 
called cellular^ and each cell is said to be nucleated, 

The material of the body when in this stage of growth 
.is often spoken of as indifferent tissue, A very fair idea 
of its nature may be formed by supposing a multitude <Jf 
white blood-corpuscles to be collected together into a soft 
but yet semi-solid mass. 

In the present use of the term any distinct mass of pro¬ 
toplasm or living material may be called a celL In the vast 
majority of cases, however, the cell contains a nupleus^ 
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distinguished as has just Ijeen said from the cell-subsiance 
in which it lies. Very frequently, but by no means always, 
the outer layer of the cell-substance is hardened into a 
distinct casing or envelope, ^he €dl-waU^ the cell then 
becoming an undeniable vesicle, and the cell-substance 
being often spoken of as the ctU contents. The cell- 
substance may remain as soft semi-solid protoplasm, or 
may be hardened in various ways, or may be wholly or 
partially liquefied ; in the latter case a cell-wall is naturally 
always present* 



Fic. 86k 


A, vertical acetion of a layer of epidemuBi or epithelium, from iea free to 
dew iudace* lateral view& of the cells ^ vrbtch this layer U Pomposed at 
dirierent heights; ^ cell m the deeppt layer, and thereforepiost recently 
formed and least altered; cell higher up, and thererore Fomewhaji c^^^nged ; 
r, cells BtiU mqie diangedt and much ftattened, C, AcalcA such as d vievred 
fnun their Hat Bides, (Magnified about ^50 diameters.) 

As development goes on, the nuclei simply increase in 
number by division and subdivision, without undergoing 
any markrf change;^ but the substance iu which they are 

^ ^ Each nudeui divides into two, and.ftach half booh grc 3 wa up into the 
siae of the parent nucleus, While this id going oti' the matrix round the 
nuc?el also divides, each new nucleus leaving a quantity of matrix alkitU^ to 
it^ 10 as to form a new cell exactly liho the oM one, from which tt sprang .' 

T 
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imbedded, becomes very variously modified, botli chemi¬ 
cally anti structurally, and gives rise to those peculiarities 
by which completely formed tissues are distinguished from 
one another, 

3. In the adult body the simplest forms of tissue, i,e. 
those in ivhich the matrix has been least changed, arc 
perhaps the various kinds of epiikdiitm (including the 
epidermis)^ 

These arc distinctly cellular in nature, that is, the portion 
of the matrix belonging to each nucleus can, with a little 
pains, be rccognucd as distinct from the portions belonging 
to the other nuclei, I,n fact they differ fnun white blood cor¬ 
puscles chiefly in two points : firstly, the matrix of each cell 
becomes irtore or less chemically changed so as to lose its 
soft protoplasmic nature (and at the same time its power 
of executing amoeboid movements); and, secondly, takes 
on a rigid definite form, which may or may not be globular. 
These epithelial tissues arc constantly groiving in their 
deepest parts, and are, as constantly, being shed at their 
surfaces. 

The deep part consists of a layer of such globular, 
nucleated cells as have been mentioned, the miinber of 
which is constantly increasing by the spontaneous division 
of the nuclei and cells. The increase in number thus 
cffccted^'causes a thrusting of the excess of cell popnlalion 
towards the surface ; on their way tq which they become 
flattened/and their walls acquire a horny texture. Arrived 
at the surface, they are mere dead homy scales, and arc 
thrown off (Fig* 86), ^ 

Epithelium of ihc kind just described is called squ^mous^ 
It is found in the mouth, and its scales may always be 
obtained in abundance by scraping the inside of the lip. 

Epidermis consists of exactly similar cells, except that 
the conversion of the topmost cells into homy scales is 
still more complete. The nucleus, too, is eventually lost. 
The deep layers of epidermis, consisting of softer cells not 
yet flattened or made horny, often form quite a distinct 
part, and these are often spoken of as the reU mucosum. 
(See Fig, 32, b; Fig, 88, C, rf.) 

In other parts of the alimentary tract, as in the intes¬ 
tines, the full-grown epithelial cells are placed side by side 
with one another, and perpendicular to the surface of 
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the mcmbriiiic, Siith epithelium ia called cylindrical 

ox columnar^ * . “ 

In some places, such as in the gastric glands, in some 
parts of the kidney, ift the ureters and elsewhere, the 
upii hell ill cells xovcvxm. globular or sphcroidaL 

Squamous epithelium generally consists of many layers 
of cells, one over the other ; in other forms of epithelium 
there arc few, in some cases apparently only one layer. 



Fie. fl7,-^CiUATED Kl’ITHELlUJlL 

p the ^ubiiiuC4j»ii3 vascular tli^ deep layer of yuiinj5 epithelium 

rclk; r, the cylinclncul fulL-grov^a Cellar With the cilisi. (Magnihcd 
jibuut 33a iliameierb.} • 


Ciliated epithelium is usually of the cylindrical kind, 
and differs from other epithelium only in the circumstance 
that one or more incessantly vibrating filaments are 
developed from the free surface of each t^lL (See Lesson 
VIL f3) 

4. In certain regions of the integument, the epidermis 
becomes metamorphosed into miiU and hairs. * 

UnderneaUt each nail the deep or dermic layer of the 
integument is peculiarly modified to form the bed of the 
naiL It is very vascular, and raised up into numerous 
parallel ridges, like elongated papillse (Fig* 88, B, C)* 
The surfaces of all these are covered with growing epi¬ 
dermic cells, which, as they flatten and become converted 
into horn, coalesce into a solid continuous plate, the nail 
At the hinder part of the bed of the nail, the integument 
forms^a deep fold, from the bottom of which, in hke manner. 
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new epidermic cells are added to the base of the iiailj 
which is thus constrained to move forward. 



I 


- Kn.. 8B 

A, a hKttgitiidinal and vertical section of a nail 1 a, the fold at the base of 
thenaiJ: iv the nail; the bed of the nalL "J lie fTgurc B la a transverse 
section of the same^^^ a small btcrat fold ^ the inleffum^ot; ht nsJl : 

bed of ihe nait, with its ridscs, The fi^re C u aduAhry-iiLaftiified viet/ 
of a part vf the fbregoing-<p the ridgc!i; the Aj^Syers of epidermis ; 
f, the homy scales coalesced into nalL substance; and B magnified 

about 4 diameten; Fig, C magoffied about ao0<lIaiiietier«,J ^ 


The nail, thus constantly receiving additions from belov; 
and from behind, slides forwards over its bed, and projects 
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beyond the end of the finder, where it is worn, away* or 
cut off. 



F[g. 8g.— a Ha Ik tK its Haer-caCh * 

orhiir above tho stiti: cortical atibatance of the shaft, the 
not visible : c, newest portion of hair growin|; 00 the papilla (17: 

i/, cuticle of hair : cavity of hair^srtc; ^ epidermiB fand root-sfe^lhs) 
of the hair-Kiac correipooditiff to that of the intej^ment (in') JhXj division 
between dermis and epidermiB: dermis of hair-aac cortc^osimBjp » der¬ 
mis of integument (/) t *1 nioutbs of sebaceous elands ; n, homy epidennia 
of integument 
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5 . A hiVi\ like a uuil, is composed of corilcsced htirny 
colls ; but instead of being only partially sunk in a fold of 
the integument, it is at first wholly enclosed in a kind of 
bag, the halr-snc^ from the btJttom of which a papilla (fig* 
89 , /), which answers to a single ridge of the nail, arises.' 
The hair is developed by the conversion into horn, and 
coalescence into a shaftj of the supcrlicial epidermic cells 
coaling the papilla. "These coalesced and cornified cells 
bv^ing continually replaced by new growths from below, 
which undergo tlK same ineiamorphosis, the shaft of the 
hair is thrust out until it attains the full length natural to it. 
Its base then ceases*to grow, and the old papilla and sac 
die away, but not before a new sac and papilla have been 
formed by'budding from the sides of the old one* 7 hese 
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Pan of shnft of a hair «Ticlc^td withm ivi iioot-^b'eaths and treated with 
caustic soda, which has caused the shaft to ^>tcomc distarteJ-—medulla* 
cortical siihsmncc ; r* emtide of the shaft; froni toyjthe root-sheathB, in 
section. (Magnified About ^oo diametersJ ^ 

give rise to a new hair. The shaft rf sl hair of tke head 
consists of a central pith, or meduUary matter, of a loose 
and open texture, which sometimes contains air; of a 
CQytical substance surrounding this, made up of coalesced 
elongated horny cells ; and of an outer cuticU^ composed 
of flat horny plates, arranged transversely round the shaft, 
50 as to overlap one anotlier by their outer edges, like 
rlosclV’packcd tiles. The superficial epidermic cells of 
the hair-sac also coalesce by their edges, anU become 
converted into raot-shmtfus which embrace the root of the 
hair, and usually come away with it, when it is plucked 
out. 
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Two sebaceous glands tonunonljr open into the hair- 
sac near its opening, and supply the hair with ¥t kind of 
natural pomatum ; and delicate unstriped muscular fibres 
arc so connected with the hair-sac as to cause it to pass 
from its ordinary oblique position into one perpendicular 
to the skin, when they contract (Fig* 3^? 

They arc made to contract bv the influence of cold and 
terror^ which thus give rise to “horripilation'^ or “goose- 
skin,” and the “ standing of the hair on end/' 

6, The crysiallUie tens is composed of fibres, which arc 
the modified cells of the epidermis of that inverted portion 
of the integument, from which the whole anterior chamber 
of the eye and the lens are primitivefy formed, 

7, Cartilage. —Wliilc epithelium and epiderims are found 
only on the free surfaces of the organs, gristle, or cartilage, 
is a deep-seated structure (see Lesson VIL)» Take them 
it is essentially cellular in naturi, but differs from them 
widely in appearance on account of the development of 
a large quantity of the so-called intercellular substance* 
That i.s to say, the several cells do not lie closely packc<l 
together and touching each other, but are separated from 
each other by a quantity of material of a ditferent nature 
from themselves* Just as in indifferent tissue each nu¬ 
cleus IS iml>cdded in a matrix of protoplasm, so in carti¬ 
lage, each ceil, i,e. each fine lens with its allottcd^uantity 
of protoplasm^ is imbedded in a matrix of intercellular 
substance. 

Inasmuch as during the growth of cartilage the cells 
remain soft and protoplasmic, while the intercellular sub¬ 
stance is converted into a solid semi-Jransparent hard 
mattef, it comes to pass that the soft nucleated cells 
appear to lie in cavities in the harder mtercellular sub¬ 
stance or matrix* • 

In epithelium it is only the deepest lying cells which 
undergo division, and so carry on the growth of the tissue* 
In cartilage, ceU-division is much more general ; a cell 
lying in its cavity divides first into two, then into four, 
and so op, the interceUiilar substance meanwhile growing 
in between the young cells and thrusting them apart. It 
is by means of the repeated divisions of the cells Jn this 
way, and subsequent development of intercellular matrix 
in between the young cells, that cartilage grows. Con- 




F«;. COHMJtCTIVR Ttssuk. 

A, Iinrhanj;«l: rt, connective tlwic; fat ccV^, B, acted ut^ by 
ncettc acidr and showinfe it*\ theswolJen and iransparent BeJatine-ywlamg 
matter, and C^) the ctastLC iibrea (Maenified about 300 diameter'4 ) 
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sequcntly, the cells are frequently seen arrangej] in groups 
with more or less matrix between, according-their age, 

The cells remain during life soft and protoplasmic, but 
often contain a number of large oil globules. It is to the 
hard matrix which yields, on boiling, the substance chan- 
drine^ that the physical features of cartilage, its solidity 
and elasticity, are due. Cartilage contains no vessels, or 
only such as extend a little way into It from arljacent parts. 

8. Connective iissue (also called fibrous^ or areolar^ or 
sometimes cellular tissue), the most extensively difl&tscd 



Connect! tii£ue corpuscles (a, nucleus, b. cclT substances^^ of v^riDU4 
stupes,, those to the right hand bragchingp and the branches juitiLiig, 


of all in the body, at first sight seems to differ wholly from, 
the preceding tissues. Viewed under the microscope, it 
is seen to consist of bands or cords, or sheets of whitish 
substance, having a wavy, fibrous appearance, and capable 
of beiftg split up mechanically into innumerable fine fila¬ 
ments or fibrillee^ The addition of acetic acid causes it to 
swell tip and become transparent, entirely losing its fibrous 
aspect; and, further, reveals the presence of two elements 
whic^ acetic acid does not affect, vit. nuclei and certain 
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sharply defined fibres of diflfcrent degrees of fineness, 
wliich arc called elastic fibres* If the acid be now very care¬ 
fully neutralised by a weak cilkali, the connective tissue 
assumes its former pnrtial opacity dnd fibridated aspect. 
The nuclei thus brought to light by acetic acid are worthy 
of attention because careful examination shows that they 
belong to certain cells which exist in all connective tissue 
in greater or less number, though never in abundance. 
These cells, generally called crintitciwe (issus corpuseks^ 
consist of a nucleus and protoplasmic cell-substance, and 
in fact arc not unlike cartilage cells except that they are very 
often %’ei'y irregular in^form, and as a general rule very 


A B 



Fig* 94 .- ‘Fat Citrj.s, 

A, hAviitg th«ir4i»tiirqlasp«cu B,ca]ljip>^et!, the exhnuKted. C, Mrjth 

&tty y^t^ls. The nudev Air« tiot ifntm in thit caac. (MAgDihed ab^it 

3SO diamttcra.J 

' smllh Indeed we may very justly compare connective tissue 
with cartilage, much as they seem to differ in gcrieral 
appearance. The connective tissue corpuscles correspond 
to the cartilage-cells; both pre imbedded in a matrix 
which, in the case of cartilage, rcniams structureless, but 
Ijecomes solid and dense, while it, in the case of con¬ 
nective tissue, is altered or metamorphosed, as it is said, 
into a substance composed of excessively fine filaments, 
mingled with which arc elastic fibres. 

The fine fibrillatcd substance is not very elastic, and 
when boiled swells up and yields gelatine. The elastic 
fibres do not yield gelatine, and, as their name indicates, 
are highly clastic* 'The proportion of elastic fibre to the 
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gelatine-yielding constituents of connective tissue varies 
in different parts of the hotly. Sometimes k,fs so great 
that elasticity is Ihe^ most marked character of tlie 
resulting tissue, 

and iendom are simpjy cords, or bands, 
while fmeia arc sheets, of very dense connective tissue. 
In some parts of the body, the connective tissue is more or 
less mixed with, or passes into, cartilage, and such tissues 
are called fibro-caftila^es (see Lesson VIL), or, in other 
words, the matrix of the cartilage becomA more or Jess 
librillated, thus indicating the analogies of the two tissues. 
The name cellular applied to this tissue is apt to lead 
to confusion. When first used it referred to the cavities 
left in the meshes of the network of fibres ; it^ias nothing 
whatever to do with cells technically so called, 

9* Fat cells are scattered through the connective tissue, 
in which they sometimes accuntlilate in great quantities. 



FrG. 35 .—Camllahiks ok 1 a*. 

A, network round n gmip of cells cr, the artery: th« vtin- 

B, the loops of capiilartch round three individual fat cells. 

They a^e spheroidal sacs, composed of a delicate meui' 
brane, on one side of which is a nucleus* and distended 
by fatty matter, from which the more solid fats soiitjetimes 
crystallize out after death. Ether will dissolve out the fat, 
andd^ve the sacs empty and collapsed {B, Fig* 94). 
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They ar^, in fact, cells with a distinct cell wall, the cell 
contents, or cell substance, of which have been wholly, or 
all but wholly, converted into fat , 

Considerable a^^gregations of fat cells arc constantly 
present in some parts of the body, as in the orbit, and 
about the kidneys and heart; but elsewhere their presence, 
m any quantity, depends very much on the state of nutri¬ 
tion* Indeed, they may be regarded simply as a reserve, 
formed from thg nutriment which has been taken into the 
bodv in excess of its average consumption. 

ro. cells arc either cpiclcnrnc, or epithelial, 

cells, in which coloured granules arc deposited ; or they 
arc connective tissue corpuscles of the deeper parts of the 
body, in v Inch a like dcpo^iit occurs. Thus the colour of 
the choroid arises partly from the presence of a layer of 
cpitbciial cells (sec Fig. 74), placed close to the retina, con¬ 
taining pigment granules, and partly from a large num- 
l3cr of irregularly-shaped, connective tissue corpuscles 
craimned with pigment, which belong to the flecper 
connective tissue layer of the choroid* The pigment 
cells of the frog’s web are, for the mosL pirt, connective 
tissue corpuscles, containing colouring matter, 

II. Jlone is essentially composed of an animal basis 
^impregnated with salts of carbonate and phosphate of lime, 
througli tht substance of which are scattered minute 
cavities—-the Incnn^j which send out multitudinous rami* 
ficaiions, called canalicuU. The canaliculi of diiTerent 
lacunai unite togefher, and th\is establish a communica¬ 
tion between the different lacuuse. If the earthy matter 
be extracted by dilute acids, a nucleus may be foui d in 
each lacuna; and if young, fresh bone be^ carefully 
examined, a certain amount of cell substance will be 
found filling up the lacuna round the nucleus : and, not 
unfrcquently, the intermediate substance appears minutely 
fibriJlated. In fact bone, if we lay on one side the earthy 
matters, presents very close analogies in its fundamenlai 
structure with both cartilage and connective tissue. The 
corpuscles lodged in the lacuna; correspond to cor¬ 
puscles of connective tissue and to the cells 01 cartilage, 
while the matrix in which the earthy matter is deposited 
corresponds to the matrix of cartil^e, and to the fibril- 
lated material of connective tissue* (These three ^isisues 
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indexed arc often classed i^gethur as the connective tissue 
gioup/^} In a dry bone the Ucun:e are usually,filled vdth 
air. When a thin section of such a bone' 4 , as usual^ 
covered with water and a thin glass, and placed under the 
microscope, the air in the lacunic refracts the light which 
passes tlirough them in such a manner as to prevent its 
reaching the eye, and they appear black. TTence the 
lacunae were, at one time, supposed to be solid bodies, 
containing the lime salts of the bone, and were called ifone 
torfinsckx (Fig. 9b, C). • 

All bones, cNcept the smallest, arc traversed by small 
canals, conveited by side branches into a network, and 
containing vessels supported by mBre or less connective 
tissue and fatty matter. These arc called Mav^sian mnais 
(Fig* 96, A, H). They always open, in the long run, upon 
the surface of the bone, and there the vessels which they 
contain become connected with ^hose of a sheet of tough 
connective tissue, which invests the bone, and is called 
pcrioxknm, 

111 many long bonesj such as the thigh bone, the centre 
of the bone is hollowed out into a considerable cavity, 
containing great quantities of fat, supported by a delicate 
connective tissue, rich in blood-vessels, and called the 
mnrroWf or jneduila^ The inner ends of the Haversian 
canals communicate with this cavity, and their vessels arc 
continuous with those of the marrow* 

When a section of a bone containing Havereian canals 
is made, it is found that the lacuiue are dispersed in con¬ 
centric zones around each Haversian canal, so that the 
substance of the bone appears laminated; and, where a ^ 
mediMlary cavity exists, more or fewer of these concentric 
lamcllu^ oft osseous substance surround it* 

This structure arises fronrthe mode of growth of bones* 
In the place of every bone tnere exists, at first, either car- 
tiJagCjOr connective tissue hardly altered from its primitive 
condition of indifferent tissue. When ossijica^n com¬ 
mences, the vessels from the adjacent parts extend into 
the ossifying tissue, and the calcareous salts are thrown 
down around them. These calcareous salts invade all the 
ossifying tissue, except the immediate neighbourhood of 
its ncrclei, around each of which a space, the lacuna, is 
left, ^he lacunjE and CtinalLuli ate thus, substantially, 



286 


ELEMENTAR V PlI VSlOLOG V. 


[l.KSS 



Fig. 96. 

A. A traiisv«tfte jbection of liooc fn th« neighbourhood of two Haver&iati 

caqabi a a ; laouriK (Maj^nlfied about 250 dumetert) 

B. A locfitudinal section of bone with Haversmi canals, a it, and lactinx. 

A (MagnlAcd about too diametefs.) 

C. LacutuCt. and canalJculi, if* (MaEnilied about 600 dtamecers,) 
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gaps left in the ossific matter around each nucleus, whence 
it IS that nuclei are found in the lacuna; of, Mly-formed 
bone.i ^ 

Hone, once formed,Mocs not remain during life, but is 
constantly disappearing and being replaced in all its parts. 
Nevertheless, the growth of a bone, as a general rule, takes 
place only by addition to its'free ends and surfaces. Thus 
the bones of the skull grow in thickness, on tlicir surfaces, 
and in breadth at tlicir edges, where they unite by sutures; 
and when the sutures are once closed, tliey cease to in¬ 
crease in breadth. 

The bones of the limbs, which arq preceded by complete 
small cartilaginous models, grow in two ways. The car¬ 
tilage of which they consist grows and erfe^es at its 
extremities until the bones have attained their full size, 
and remains to the end of life as articular cartilage^ But 
in the middle, or shaft, of the bone, the cartilage does not 
grow with the increase in the dimensions of the bone, but 
the small primary bone which results from the ossification 
of the cartilaginous model becomes coatc:!* by successive 
layers of bone, produced by the ossification of that part of 
the periosteum which lies nearest to it, and which really 
consists of indifferent tissue, that is of nuclei imbedded in 
a. matrix. The shaft of the bone thus formed is gradually 
hollowed out in its interior to form the medullary cavity, 
so that, at last, the primitive cartilage totally disappears. 

When ossification sets in, the salts of lidie are not 
diffused uniformly through the whole mass of the pre¬ 
existing cartilage, or connective tissue, but begin to be^ 
deposited at particular points called centres of ess^aiion^ 
and spread from them through the bone. Thus, a Jong 
bone has Ssually, at fewest, three centres of ossification— 
one for the middle or shaft,*and one for each end ; and it 
is only in adult life that the three bony masses thus 
formed unite into one bone* 

12* Teeth partake more of the nature of bones than of ^ 
any other organ, and are, in fact, partially composed of 
true bony matter, here called cemeut; but their chief con¬ 
stituents are two other tissues, called dentine and enamel. 

Each tooth presents a crown, which is exposed to wear, 

' For llicAalce of Mcnplidly 1 purpo«ly omit oM mcntlori of the complex 
iecffli^iry proceSi^ei m the ovufiriition of cArtiliige, 
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ind one or moic fangb, whict* arc bmied in a socket 
fuimshcd by the jawbone and the dense mucous mcm- 
bi me of mouth, which constitutes t\\Qigunh, The hne 
of junction between the crown and the f.ing; is the n£ck of 
the tooth In the intcnor of the tooth is a civityj which 
communicates with the evtenor by canals, which traverse 
the fangs and open at then* pomts. This cavity is the 
p 7 (ip iiivity It IS occupied by a highly vascular and 
nervous trsuc, the diutui puip^ which ib continuous 
below, through the opcnin^b of the fings, with the 
mucous iiKinbiim of the gum. 


B 

a d 
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A vertical, B, hontont^L action of a c«tli —d, enamel of th^ emwn 
^ pulp cavity f, cement of the fangs d, dentine about thret 

diameters ) 

The chief constituent of V tooth is dentine—^ dense 
calcified substance containing less animal matter than 
bone^ and further differing from it m possessing no 
lacunae^ or proper canaliculi. Instead of these it presents 
innumeiable, minute, parallel, wavy tubules, which giV3 
off lateral branches. The wider ends of these tubules 
open into the pulp cavity, while the narrower ultimate' 
terminations ramify at the surface of the dentine, and 
may even extend into the enamel or cement (Fig, 98, C), 
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The enamel consists of*very small six-sided fibres, set 
closely, side by side, nearly at right angles to^ t^e surf^e 
of the dentine, and covering the crovsm of the cooth as far 



. Fui. p8. 

A. Kt^am#] 1 ihre>i viewed in tmn&vcrse section. 

Enjunet fibrcb separated and viewed laterally. 

C* A action of a tooth at the jmictLoaaf the dmtinc (**) with tfio eemeiu fr) j 
irregular eavitleA in which the tubulcK of the dentine end ; fme 
tu^lc'i continticd fronithcin lacunae and canaHculi of the cement. 
(MacniiSed about 409 diameters!) 

V 
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HS the neck, towards which the'enamel thins off and joins 

the cemcri^XFig. 9Sj, A, B). ^ ^ ^ ^ 

Enamel is the hardest tissue of the body, and contains 
not more than 2 per cent of animdl matter. 

The cement coats the fangs, and has the structure of 
true bone ; but as it exists only in a thin layer, it is devoid 
of Haversian canals (Fig. 98, C), 

13. 'ITie development of the teeth commences long 
before birth, A groove appears in the gum of each side 
of pach jaw ; ind, at the bottom of ihis groove of the 
gum, five vascular and nervous p.^piilce arise, making 
twenty in all The walls of the groove grow together, 
between and over each of the papillse, and thus these 
become cndioscd in what are called the dental sacs. 

Each papilla gradually assumes the form of the future 
tooth. Next, a deposit of calcific matter takes place at 
the summit of the papillae, and extends thence downwards. 
Inwards its base. In the crown the deposit takes on the 
form of enamel and dentine ; in the root, of dentint and 
cement. As'it increases it encroaches upon the substance 
of the papilla, which remains as the tooth pulp. The 
fully formed teeth press upon the upper walls of the sacs 
in which they are cnclos^, and, causing a more br less 
complete absorption of these walls, force their way 
through,'* The teeth arc then, as it is called, cut. 

The cutting of this first set of teeth, called deciduous^ 
i.or milk ideih^ commences at about six montiis, and ends 
with the second 3ear*' They are altogether twenty in 
number—eight being cutting teeth, or incisal; four, eye' 
teeth, or canines,^ and eight, grinders, or molars. 

Each dental sac of the milk teeth, as it is formed^gives 
off a little prolongation, which becomes lod'gcd in the 
jaw, enlarges, and develops a papilla from which a new 
tooth is formed. As the latter increases in size, it presses 
upon the root of the milk tooth which preceded it, and 
1 hereby causes the absorption of the root and the final 
falling out, or shedding, of the milk tooth, whose place it 
takes. Thus every milk tooth is replaced by a tooth of 
what is termed the permanent dentition. The permanent 
incisors and canines are larger than the milk teeth of the 
same name, but otherwise differ little from them. The 
permanent molars^ which replace the milk molars, are 
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and their crowns htfve only two points, whence they 
arc caUed bicuspid. They never have tnor^than two 
fang^s* ' ^ 

14. ^Wc have thus amounted for twenty of the teeth of 

the adult. But there are thirty-two teeth in the complete 
adult dciititionj twelve grinders being added to the twenty 
teeth which correspond witfi, and replace, those of the 
milk set* When the 6 fth, or hindermost, dental sac of the 
milk teeth is formed, the part of the groove which lies 
l^ehind it also becomes covered over, exfends into the 
back part of the jaw, and becomes divided mto thret^ 
dental sacs* In these, papillse arc /hrnicd and give rise 
to the great permanent back grinders, or whieii 

have four, or live, points upon their square tfTowns, and, 
in the upper jaw, commonly possess three fangs. 

The first of these teeth, the anterior molar of each side, 
is the earliest cut of all the pennanent set, and appears at 
six years of age. The last, or hmdermost, molar is the 
last of all to be cut, usyally not appearing till twenty-one 
or twenty-two years of age* Hence it goes'by the name 
of the “wisdom tooth.” 

15. Muscle is of two kinds, striated or striped, and 
smoM/t, plain, or unstriated. Striated muscle, of which 
all the ordinary muscles of the trunk and limbs consist, 
is composed of a number of long parallel cjilindrical 
fibres, called elementary or ultimate tnuscuiar ^bres,, 
which arc bound together by connective tissue into small* 
bundles* These small bundles again are united into 
larger bundlSs, and these into one aggregate, by con¬ 
nective tissue, which supports the vessejs and nerves of 
the nftscle, and usually forms at one or both ends of the 
muscle a tendon (see Lesson Vil,), and sometimes gives 
rise to a dense sheath or fascia on its exterior* 

Into the ultimate muscular fibre neither vessels, nor 
connective tissue, enter* Each fibre U, however, en¬ 
veloped in a sheath formed by a tough, elastic, transparent 
structureless membrane, the sarccltmmaA^\%, 99, D, 

The sgrcolemma is not contractile, but its elasticity 
allows it to adjust itself, pretty accurately, to the changes 
of form of the contractile substance which it contains. 

This contractile substance, when uninjured, presents a 
very strongly*marked transverse striation, its substance 

U 3 
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appearing to be composed of e^ftremely minute disks of a 
partially ppique substance, tinbedded al rt-gular intervals 
m a mora transparent matter A more faint stnation, 
separating these disks into lon^tudin'il sciies, is also 
observable When the s^rcolemma is torn, the cotitr ictile 
subst ince of dead muscle m ly, under some circumstanceb, 
be cither divided into disks (Fig 99, C), but it may be 



C 
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A n mttcciibr fihirr devDid df ^^rtolcmma^ and fiTGikm^ up tt otic end inC i 
K <iCpriritL hbrill^ ( 4muscular filire br^ikin^up mtf>disk'* 
1 ), a muscular fibre, the c ntrictilt sub^t^nte of which (tf) is tom whili. iKt, 
!)»rcolenima (/) not f^iveti vny (bifaGniified about 3S0 di imcters ) 

more readily bioken up into minute fibtillce {Fig 99, 
A, B), each of which, viewed by tiansmitted light, prt 
sents dark and light parts, which alternate at intervals 
corresponding with the distances of the transverse siriiC 
in the entire fibre Nuclei aie observed heie and 
there m the contractile substance within the sarco 
lemma. 
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In the heart, the muscular fibres are striated,,and liavc 
the same essential structure as that just deS^^ibed, but 
they possess no sarcolcinma. 



FlCi. lOO.—CAL^lLLAMtlEfi OF STR]ATfU> MuSCLA. 

A. .^cn IpngictidinaKy^ The v^ldth af th« mesbM corruporiifs to UiAt 4>f 
411 ultimate fibrtf.' AiHall artery; small vein, 
n. Tran^vepe Kcctinn of striated muscle, ji, tKecul ends o^lhe ultimate, 
cupillarica filled witfi fujectuiti xrutcnal; parts where ihc capiL' 
lanes are ^ sot filled. 

h 

muscle consists of elongated tband-likc fibres, 
devo* of s^iation, each of which tears a rod-Hke nucleus. 
These fibres do not break up into fibrillae, and have no 
sarcolemma (Fig. loi), • 

16. Nervous tissue contains two elements, nerj^e-fibres 
and ganglionic corpuscles. Ordinary nerve-fibres, such 
as constitute the essential constituents of all the ccrebrcv 
spinal nerveS 'excOTt the olfactory, are during life, or when 
perfectl^fresh, subcylindrical filaments of a clea^ some¬ 
what oily, look. But shortly after death, a sort of coagu¬ 
lation sets up -within the fibre, and it is then found to be 
composed of a very delicate, structureless, outer mem- 
brann (which Is not to be confounded with the nrnri- 
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a tube^ through the centre of which runs 
the axis \ftht(fet^ which is probably composed of an 
aggregation of very fine fiUipic-nts^ Between the axis^ 
cylinder and the tube is a fluid, rich in fatty matters, 
from which a solid strongly refracting substance has been 
tlirown down and lines the tube* 

Such is the structure of all the larger 
nerve fibres, which lie, side by side, in 
the trunks of the nerves, bound together 
by delicate connective tissue, and en¬ 
closed in a sheath of the same substance, 
called the neurilemma. In the trunks 
of the nerves, the fibres remain perfectly 
distinct from one another, and rare!), 
if ever, divide. But when the nerves 
enter the central organs, and when they 
approalih their peripheral terminations, 
tnc nerve-fibres frequently divide into 
branches. In any case they become 
gradually finer and finer \ until at length, 
axis-cylinder, sheath, and contents are 
no longer separable, and the nerve fibre 
is reduced to a delicate filament, the 
ultimate termination of which, in the 
sensory oi^ans and in the muscles, is 
not yet thoroughly made out. 

Fit;, loi. 17. In Lesson VI 11 . mention is made 

Srtiootlioroon-atri of peculiar bodics tactile cm- 

jted musdiiftf fiLneji puscles. whtch aio oval masses of spe- 

‘ c'.aHy modified connective tissue in re- 
niddlc one having lation wUh the ends 01 the nerves m 
>ee»i treked whu papillm of the -skin. In Fig. lort 

nm distinctEy th« four sucQ papilue, which have been 
ludeus rf* (Maxiit- rendered transparent and stripped of 

rtTcttfn.) ^ their epidermis, are seen, and the latest 

contains a tactile corpuscle («). This 
mode, in ^hich nerves not connected with tactile cor¬ 
puscles end in the skin, is not definitely known. 

In muscles, the nerve-fibre seems to pierce the sarco- 
lemma and to end inside the ultimate muscular fibre in a 
peculiar knob or plate. 

In the brain and spinal cord, on the other hand, it is 
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certain that, in many cas€%, the ends of the nerve-fibres are 
continued into the processes of the ganglionicytorpusclcs. 
18. The olfitciory nerues are composed of pafc, flat fibres 



t Fi& 

a ticTvc-fibre in its fresh niid unaltered condition ; it ncrve-Sbiv in 
which the greater port of the sheath %nd coagulated contents (« have been 
sirijpMd otT rrenu the axn cylinder (r f); C, a ncrve-fihrei ttw upper part of 
whidiretains its sheath and coagulated contents^ while the axis cylinder (a d) 
projects ^ Uf a ganglionic corpuscle**^> its nucleus and nucleolus* (Magnified 
about 35a diamcten*) 

a , 

withoutfany distinction into axis-cylinder and contents, 
blit with nuclei set at intervals along their length. 

Similar fibres are found in the sympathetic nerves, 
mingled with fibres of the same strucfiire as those of the 
spi mil nerves. 
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ig* Ganj^lionic corpuscles are ^chiefly found in the cerc- 
bro-spinal ; in the ganglia of the posterior nerve rocts^ 
and in those of the sympathetic but they occur also 
elsewhere, notably in some of the sensory organs (see 
Lesson IX.). 

They are spheroidal bodies, consisting of a soft semi- 
solid cell substance in the midst of which is a large 



4 p * Uirg4 pafiLttsi cant^ining a tActUe co<rpit^le (r) nerve ; 

other papjlt^, without corpusclca, but contaiobg Joopa of vessfls, r. (Mng- 
niM atwut ^ dbmctrra.) 

y 

clear and transparent area usaally termed tlv^ nucleus. 
Within the nucleus again is generally a smaller body 
commonly termed the nucleoRts (Fig- 102, D, a). Each 
ganglionic corpuscle sends off one, two, or more prolonga¬ 
tions! which may divide and subdivide; and which, in 
some caaeS| unite with the prolongations of other gan* 
glionic corpuscles, while, in others, they are continued 
into nerve-fibres^ 
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M table of anatomical and PfiYSIOLOalCAL 

CONSTANTS. 


The weight of the body of a full-grown man may be taken 
ati54lbs> • . 


1* General Statistics. 


Such a body would be made up of— 

Jbi. 

Muscles and their appurtenances . . . 68 

SkcletoiT.24 

Skin.^ . 10^ 

Fat ^.. , , . * 28 

Brain * . , , ... . , , 5 

Thoracic viscera 

^Abdominal viscera.ii 

# __ 

147* 

Or of— 


Water.. 88 . ^ 

Solid matters.6^ 

■ 

• 

' The additjoti of 7 [bs, of b[cHHl, th« quantity which wiU rcndily drain 
away Ooni the body, will bring the total Co 154 Ibi* A considerable quantity 
^ blood will, however, alwaya remain in the capllianea and small blood- 
Ve^in, and must bo reckoned with the various thanes. The total quantity 
m blood in the body is now csUoulated at about of the body weight, 

r.r. MMJUt TB Ihl, 


•4 
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The solids would consist of Vhc dements oxygen, hy- 
drogeoj carboHj nitrogcrij phosphorus, sulphur, silicon, 
chlorine, iliurinc, potassium, soditim, calciuni (lithiitm), 
magnesium, iron (manganese coppdr, lead), and may be 
arranged under the heads of— 

Proteids, Amyloids. * Fats. Minerals. 

Such a body would lose in 2+ hours- ^of water, about' 
40,000 grains, or 6 lbs. \ of other matters about I4 jS^ 
gmips, or over 2 lbs.; among which of carbon 4,000 
grains j of nitrogen 300 grains ; of mineral matters 400 
grains; and would part, wr diem, with as much heat as 
would raise 8,790 lbs. of water to i"" Fahr., which is 
equivalent t 5 3,060 foot-tons.^ Such a body ought to do 
^ as much work as is equal to 450 foot-tons. 

The losses would occur through various organs, thus— by 




0 1 USK 
Mattbr, 


c. 

Lungs . 

KTS 

ers. 

£IS 


S,ocxp 

12,000 

w * 4 

3.300 

Kidneys 

33,000 

1,000 

250 

140 

Skin 

10,000 

700 

10 

lOQ 

Fseccs . 

3,000 

800 

40 

46a 

TotUl 

40,00a 

14,500 

300 

4,000 


The gains and iosies of the body would be follows *— 

gra. 

Creditor-"Solid dry food 8,ooaf 

Oxygen. . Ip, 000 ■ 

Water * ..36,5cx> 

* . _ 

Total.54»Soo 


grs, 

* Debtor—Water. 40,000, 

Other Matters.i 4 v 5 po 


Total._ 

'V A fdot-ton «4iiltvil«nt of the work rccjuircd to Ita one tott one foo^ 
high.^ 
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II, DTCiESriOM. 

Such a body would*reqivire for daily food, carbon 4,000 
nitrogen 300 grains ; which, with the other neces¬ 
sary elements, would be most conveniently disposed in ■ - 

» 

gri 

Proteids.* , 2,000 

Amyloithj . 4,400 

Fats ..r,2Co 

Minerals 400 * 

Water., 36,500 

Total *.,* 441500 

p 

which, in turn, might be obtained, for instance, by means* 


of— 

gra. 

Lean beefsteaks 

Hread t * ^q,ooo 

Milk.7,000 

. Potatoes.\ 3,000 

Putter, dripping, &c, . , 600 

Water.. . , 22,900 


Total.44^5^ 


The faeces passed, per dicm, would amoulit to about 
2,800 grain% containing solid matter 800 grains. 


# IIL CiRcuiJtTiotr,* 

In suefi a body the heart would beat 75 times a mimitej 
and probably drive oiu, attach stroke from each vcntricler 
from 5 to 6 cubic inches, or about 1,500 grains of blood. 

The blood would probably move in the great arteries at 
a rate of about 12 inches in a second, in the capillajj^)^ 
at i to inches in a minute ; and the time taken up in 
[jcrforftiing the entire circuit would probably be about 
30 seconds. . 

'The left ventricle would probably exert a pressure on 
the aorta equal to the pressure on. the square inch of a 
polumn cf blood about 9 feet in height; or of a column of 
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mercury about 9^ inches in height ^ and would do in 24 
hours an amount of work equivalent to about 90 foot-tons 1 
the work of the whole heart being about 120 foot*tons, 

IV, Respiration. 

Such a body would breathe '15 times a minute. 

The lungs would contain of residual air about 100 cubic ^ 
inches, of supplemental or reserve air about 100 cubic ' 
inches, of tid^^air 20 to 30 cubic inches^ and of comple- 
mcnfal air 100 cubic inches. 

The vital capacity of the chest—that is, the greatest 
ciuantity of air which could be inspired or expired—would 
to about 230«,:ul5ic inches. 

There would pass through the lungs, per diem, about 
350 cubic feet of air. 

In passing through the- lungs, the air would lose from 
4 to 6 per cent of its volume of oxygen, and gain 4 to 5 
per cent of carbonic acid. 

During 24 hours there would be consumed about loyooo 
grains oxygen ; and produced about 12,000 grains carbonic 
, acid, corresponding to 3,300 grains carbon. During the 
same time about 5,000 grains or 9 oz, of water would be 
exhaled by the lungs/ 

In 24 h&urs such a body would vitiate 1750 cubic feet of 
'^ure air to the extent of i per cent, or 17,500 cubic feet 
of pure air to the extent of i per i,ooa Taking the amount 
of carbonic acid in the atmosphere at 3 parts, and in cx- 
^Bired air at 470 parts in 10,000, such a body v^ouldrequire 
a supply per diem of more than 23^00 cub^ feet of 
ordinary air, in order that the surrounding atmoS[Aierc 
might not contain more than i per 1,000 of cationic acid 
j(whcn air is vitiated from animat sources with carbonic 
acid to more than 1 per ipoo, the concomitant impurities 
become appreciable to the nose). A man of the weight 
mentioned-(11 stone) ought, therefore, to have at least 800 
^cuhic feet of welbventilated space. 

r 

V, Cutaneous ExcRETrou, 

Such a body would throw off by the skin —of water 
about 18 ounces, or 10,000 ^ains ; of solid matters about 
300 grains; of carbonic acid about 400 grains, in 24ji(]Mrs. 
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VI. Re!jal Excreteon, 

Such a body would pass by the kiiineys—^ water about 
50 ounces; of ure;^ about 500 frrains; of other solid, 
matters about 500 grains, in 24 hours, 

VII. Nervous Action. 

1 

tn the frog a nervous impulse travels at the rate of about 
80 feet in a second. • 

In a man a nervous (sensory) impulse has been variously 
calculated to travel at 100, 200, or^ 300 feet in a second. 

VIIL Histology* * • 

Red corpuscles of the blood are about s-jooth of an inclt 
in breadth ; white corpuscles ^^jjrth. 

Striated muscular fibres are about yj^th of an inch in 
breadth j plain 

Nerve-hbres vary between atld* of an 

inch in breadth. 

Connective tissue fibrils are about of an inch in 

breadth. 

Epithelium scales (of the skin) are about ^ir(>th of an 
inch in breadth. • 

Capillary blood-vessels arc from to of nn 

inch 1 n breadth, ^ ^ , 

Cilia (from the wind-pipe) are about of an inch 

in length, * 

The cones in the ** yellow spot ” of the retina are aboiu 
gth of an inch in breadth. 
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APPENDIX II 


TlNi CASH OF H 7 RS. A - {*S,r/- '^40.) 

(l) Thk first jllusion to which Mrs. A. w’as subject, was 
one which aficctcd only the car. On the 21st of December, 
1830, about half-past four in the afternOon, she was stand¬ 
ing near the fire in the hall, ami on the point of going up 
to dress, when she heard, as she supposed, her husband^s 

voice calling her by name : “-, come here I 

come to me ! She imagined that lie was calling at the 
door to have it opened ; but upon going there and open¬ 
ing the door, she was surprised to find no person there. 
Upon returning to the fire she again heard the same voice 
calling out very distinctly and loudly, come, come 

here I She then opened two other doors of the same 
room, and upon seeing no person, she returned to the firc- 
p'acc, Aft^r a few moments she heard the same voice 
still calling, ** Come to me, come ! come away J ” in a loud, 
plaintive, and somewhat impatient tone; she answered as 
loudly, “ Where arf you ? 1 don't know where yo«are/' still 
imagining that he was somewhere in search of her ;^biit 
receiving no answer, she shortly went upstairs.^ On Mr. 
A/s return to the house, aboutt half an hour afterwards, 
she inquired why he had called her so often, and where 
he was, and she was of course greatly surprised to learn 

4 h^t he had not been near the house at the lime. A simi- 
ar illusion, which excited no particular notice at the 
time, occurred to Mrs. A. when residing at Florence, 
about ten years before, and when she was in perfect 
health. When she was undressing after a ball, she heard 
a voice call her rq)eatedly by name, and she was at that 
time unable to account for it- 
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(2) The next illusion \\itidi occurred to Mrs. A* was of 
31 more nl;irming character. On the 30th qf December, 
about four o’clock in the afternoon, Mrs^. A, came down ^ 
stairs into the drawing-room, which she had quitted only 
a few minutes before, and, on entering the room, she saw 
her husband, as she supposed, standiJig with his back to 
the fire. As he had gone Rut to lake a walk about half 
an hour before, she was surprised to see him there, and 
' asked him why he had returned so soon. The figure looked 
fixedly at her with a serious and thoughtfil expression of 
countenance, but did not speak. Supposing that his rilind 
iras absorbed in thought, she sat ^own in an arm-chair 
near the fire, and within two feet, at most, of the figure, 
which she still saw standing before hcf. ifVs its eyes, 
how'ever, still continued to be fixed upon her, she said, 
after the lapse of a few minutes, “ Why don't you speak?" 
The figure immediately moved ofif towards the window at 
the further end of the room, with its eyes still gating on 
Jicr, and it passed so very close to her in doing so, that 
she was struck with the circumstance of*hearing no step 
or sound, nor feeling her clothes brushed against, nor 
even any agitation in the air 

Although she was now convinced that the figure was 
not her husband, yet she never for a moment supposed 
that it was anything supernatural, and was soon #:onvinced 
that it was a spectral illusion. As soon as this conviction 
had establislied itself in her mind, she recollected the ex¬ 
periment which I had suggested of trying to double the 
object; bu Aefore she was able distinctly to do this, the^ 
figure had retreated to the window, wh^'re it disappeared. 
MrrfA, immediately followed it, shook the curtains, and 
examined ■the window, the impression having been so dis¬ 
tinct and forcible, that was unwilling to believe that 
it was not a reality. ' Finding, however, that the figure 
had no natural means of escape, she was convinced that 
she had seen a spectral apparition like that rccorded^in 
Dn Hibbert's work, and she consequently felt no alarm 
or agitation. The appearance was seen in bright daylight, 
and lasted four or five minutes. When the figure stood 
close toher,jt concealed the real objects behind it, and 
the apparition was fully as vivid as the reality. 

On these two occasions Mrs. A. was alone, but when 
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the next phantom appeared, l>cr husband was present. 
This took place on the 4th of January, 1830. About ten 
o’clock at when Mr, and Mrs, A, were sitting in the 

drawing-room, Mr, A, took up thcf poker to stir the fire, 
and when he was in the act of doing this, Mrs, A* ex- 
daimed, “ Why, there’s the cat iji the room \ ’’ “ Where ? " 

exclaimed Mr, A. “ There,^ close to you/^ she replied. 
“ Where ? " he repeated. “ Why, on the rug, to be sure, 
Ixitween yourself and the coal-scuttle/’ Mn A,, who stilJ 
had the poker/n his hand, pushed it in the direction men- 
tiofjed, ‘'Take care,” cried Mrs, A., “take care I you arc- 
hitting her with the poker," Mr, A* ag.ain asked her to 
point out exactly whbre she saw the cat. She replied, 
“Why, sitting\jp there close to your feet on the rug; she 
is looking at me^ It is Kitty—come here, Kitty !" There 
were two cats in the house, one of which went by this 
name, and they were rarely, if ever, in the drawing-room* 
At this time Mrs, A, had no idea that the sight of the 
cat was an illusion. When she was asked to touch it, she 
got up for the purpose, and seemed as if she was pursuing 
something which moved away. She followed a few steps, 
and then said, "It has gone under the chaiiV’ Mr. A, 
assured her that it was an illiisitm, but she would not 
believe it He then lifted up the chair, and Mrs, A. saw 
nothing ntore of it. The room was searched all over, and 
nothing found in it. There w-as a dog lying on the hearth, 
jvho wou^d have betrayed great uneasiness if a cat had 
Tseen in the room, but he lay perfectly quiet. In order 
to be quite certain, Mr, A, rang the bell/and sent for 
the cats, both of which were found in the ho^ckeeper^s 
room, ' ' it 

{4) About a month after this occurrence, Mes- A., who 
had taken a somewhat fatiguing drive during the day, was 
preparing to go to bed about'eleven o’clock at night, and, 
sitting before the dressing-glass, was occupied in arrang¬ 
ing her hair. She was in a listless and drowsy state of 
'liiind, but fully awake. When her fingers were in active 
motion among the papillotes^ she was suddenly^startled 
by seeing in the mirror the figure of a near relative, who 
was then in Scotland, and in perfect health. The appa¬ 
rition appeared over her left shoulder, and its eyes met 
hers in the glass. It was enveloped in grave-clothes, 
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closely pinncdj as is usual with corpses^ round the head 
and under the chin ; and, though the eyes were opeHj the 
features were solemn and rigid* The dress wAs evidently 
a shroud, as Mrs, A. rdh>arkcd even the punctured pattern 
usually worked in a peculiar manner round'the edges of 
that garment. Mrs* A. described herself as, at the time, 
sensible of a feeling like what we conceive of fascination, 
jipmpeUing hcr,,for the time, to gaze upon this melancholy 
apparition, which was as distinct and vivid as any ic- 
ilected reality could be, the light of the cAndle upon J:he 
dressing-table appearing to shine fully upon its face. 
After a few minutes she turned rpund to L>ok for the 
reality of the fonn over her shoulder, Ijjjt it was not 
visible, and it had also disappeared from th(*g!ass when 
she looked again in tliat direction. 

+ + + ^ + 

ii) Oil the I71h March, Mrs, A, was preparing for bed* 
She had dismissed her maid, and was sitting with her 
feet in hot water. Having an excellent memory, she had 
been thinking upon and repeating to herstlf a striking 
passage in the Rdtnbur^gh Review^ when, on raising her 
eyes, she saw seated in a large easy-chair before her the 
figure of a deceased friend, the sister of Mr. A* The 
figure was dressed, as had been usual with her, with 
great ncatnesg, but in a gown of a peculiar kititJ, such as 
Mrs, A, had never seen her wear, but exactly such as had 
been described to her by a common friend as hiving beer* 
worn by Mr. A,'s sister during her last visit to England, 
Mrs, A, paitf particular attention to the dre»s, air, and i 
appearance of the figure, which sat in ay easy attitude in 
the (Aair, holding a handkerchief in one hand. Mrs. A* 
tried to sptak to it, but experienced a difficulty in doing 
so, and in about three minutes the figure disappeared; 

About a minute afterwards, Mr. A, came into the room, 
and found Mrs. A. slightly nervous, but fully aware of the 
delusive nature of the apparition. She described it 
having all the vivid colouring and apparent reality of life; 
and fit |omc hours preceding this and other visions, she 
experienced a peculiar sensation in her eyes, which seemed 
to be relieved when the vision had ceased. 
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{9) Oti tbe iith Octoberj when sitting in the drawing¬ 
room, on one side of the hrc-placc, she saw the figure of 
another dedeased friend moving towards her from the win¬ 
dow at the farther end of the rooln. It approached the 
fire-place, and sat down in the chair opposite. As there 
were several persons in the room at tlm time, she describes 
the idea uppermost in her rnind to have been a fear lest 
they should be alarmed at her staring, in the way she was 
conscious of doing, at vacancy, and should fancy hef ■ 
intfllect disorCcred. Under the influence of this fear, 
and recollecting a story of a similar effect in your ^ work 
on Demonology, whi(;h she had lately read, she summoned 
up the requisi^ resolution to enable her to cross the space 
before the ^ire-place, and seat herself in the same chair 
with the figure* The apparition remained perfectly dis¬ 
tinct till she sat down, as it were, in its lap, when it 
vanished. ^ 

> Sir Walter Scott; to ^hom Sir David BrewAtci^s Letters on Natural 
Maj^lo wore addresped. 
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A. 

Ardomen, 5 
Abdominal aorta, loi 
Abduction and adducttan, 1 74 
Absorption, 154 
Accessory food stuffs, 139 
Acetabulum, 173 
“Adam’s apple,’* 178 
Adduction, 174 
AfTeient nerves, 187, 254 
Air, 19, 78, 82, 83, 91, 92, 
9Si 

—“ its necessity to life, 3, 4 
—- stationiyry and tidal, 92 
Air-cells, 8i, 82 
Albumin, 7 ^, * 34 ^ ^ 3 ^ 
Alimentary canal, 6, 133, 161 
AHmmtaiion, 1$, 133 “ JSS 
Amceboid mpvements, 157 
Ammonia, 20 
Ampullae, 200, 201, 207 
Amyloids, 1347* 39 » *S 4 t 298 
Anatomy, outlines of, 5 
Aorta, 29 

Apex of the heart, 31 
Aquedus humour, 227 
Arachnoid membrane and fluid, 
249 

Areolar tissue, 9, 281 
Arms, the, 5 


Arms, bones ftf tie, i h 173 
Arteries, 15, 22, 23, 29, 43 
Artery, hepatic, 31, 50, llS 
—- renal, 107 
—^ splenic, 126 
Articular cartilages, I [ 
Articulation%(ff[^ Joints) 
Arytenoid mu&les and carti¬ 
lages, iSo, 181 
Ab^phyxia, 9S-IOO 
Atlas and axis, 170, 173 
Auditory nerves, 265 

-ossicles, 21^5, %39 

spectra, 239 

Auricles, 34, 42 • ^ 

Auricu to-ventricular ring, 35 
—--valves, 36, 39 


R 

Ball and socket joints, 168,, 

Base of the heart, 31 
Beating of the heart, 44 
Biceps muscle, 10, 163 
Bicuspid teeth, 143 
Bile, u% 122, rS3 
Biliary duct, 146 
Bilin, 122 
Bladder, 104 
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/ATDEX^ 


Blind spot of tho retina, 2 iC, 
219, 222 
Blood, 15, 1,7 

-circulation of the, 15, 19, 

- 57 , 299 . 

-its characters, 58, 61, 65, 

70 , 74 , , 

--artenal and venou9> 74 

- led and white corpus¬ 
cles 59 

-coagulation, 59, 65 

— ^ eOfect of saline matter on, 

67 

— transfusion of, 73 

-crystaliKzaAon, 65, 77 

—— chemical constituents 7® 

-specific gravity, 70 

-its function, 72 

—— quantity of, 72 

-its sources of loss and 

gain, ior, ipj, 123, 131 

-of the liver, 122 

—— its temperature, 70, 128 
Blushing, 51 

Body, its structure and func¬ 
tions 1 

Bone, 28^-287 
Bones, ijs iii i6t 

their dissolution, 20 
of the ear, 210 
Brain, 6, 14, I9, 15S, 261 
Bread, 138, 298;, 299 
Brewster, Sit I).,- on illusive 
visions, 240, 302 
Bronchi^ 80 
Bronchial tubes, 81, 82 
Buccal glands, 141 
Buffy coat of the blood, 67 
^nrsse, 175 


C. 

Cj«cum, 150 
Cancellous tissue, 161 
Canine teeth, I43, 290 


(Japillaries^ ij, 21, 73 ? 

Cartion, 3, 13^ 137, 298 
Caihonate of lime, 2, 10 
Carbonic acid, 2, 3, 16, 97, 
98, 106, IJ2 

Carbfjuic acid gas, 7 ^^ 75 j 79 * 

Carbonic oxide gas, 99 
Cardiac aperture of the sto- 
nuch, 143 

Cartilage, jo, ii, i 3 , 85, 167, 
279 

Caruncula lachrymalis, 235 
Casein, 134 

Cavity of the mouth, 139 
Cellular structure, 272 
Cement of the teeth, 290 
Central nervous otgan, 1S7 
Cerebellum, 260, 262, 268 
Cerebral hemispheres, 263 
Cerebral nerves 248 
Cerehro-spinal axis 7> 93* 248, 
266, 2G5 

-— nervous cen¬ 


tres, 14 


system, 248 


Cheehs, 192 
Chest, 5 
Cholestenn, 123 
Chondrin, 134, i8r 
Chordae tcndiiK^, 3 Sj 3^ 
Chords, vocal, 7 i ^ 77 i iSo- 

1S2 j 

Choroid, 2 i6j 218, 22G, 2271 

232 * 

Chyle, 22, 28, 153 

Chyme, 148 

Cilia, 157, 301 

Ciliary ligament, muscle, and 

f )roces±tes, 22^, 228, 232 
iated epithelium, 275 
Circulation, organs lif, iSi 19, 
21-57. *99 

Circulation and respiration, 
analogies of, 94 
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Circumductioii siud rotalioft^ 

174 

Clavicle, ii 

Clot, 66 • 

Coagulation of the blood, 59, 

65-^70 

Coccyx, 11 

Cochlea^ 198, 200, 204, 211 
Cold, (27 

Cold and heat, feeling of, 192 
Colon, 150 
Colour blindness, 221 
Colour of the blood, 74, 77 
Colutnna; carnea?, 38 
Coinbuslive proci^a {$££ Oxy^ 
gen) 

Complementary colours, 221 
Concha (external ear), 205, 
20S 

Cones of the retina, 216, 223, 

301 

Congestion of blood-vessels, 53 
Conjunctiva, 234 
Connective tissue, 9, 158, 2oi, 
215, 2S0, 301 
Consciousness, tSS 
Consonants and vowels, how 
5aiinde<l, 184 

Contraction^ muscular, 10^ 
158,161 

-of blobS-vessels, 23, 5 r 

-- of the heart, 40 

-•of blood-c^trpuscles, 62 

——of the bronchial tubes, 

81, 86 

—— of the stomach, 146 • 

-of cilia, 15S 

Cornea, 226 

Coronary arteries, 29, 50 

-; veins, 29 

Corpus^^allosum, 261, 264 
Cor^scles of lymph, 73 
^—' of the blood, 5^t S9^S» 

301 

—- of the spleen, 116 


Corpus striatum, 262 
Cortian membrane and hbres, 
200,-204, £12 

Coughing, 90 
Cranial nerves, ^65 
Crassamenlum, 66 
Cribriform plate, [96 
Cricoid cartilage, 179, iSo 
Crico-thyroid muscle, 179 
Crystalline lens, 226, 231, 279 


Death, local, iS 

-generalf 1^20 

Deciduous teeth, 290 
Uecussation of the pyramids, 
267 

l^glutition, 144 
Delusions, 241 

-— of the senses, 238, 303 

Dentine, 288 • 

Dennis, 8, 113 
Dextrine, 134 
Diaphragm, 6, 33, 88 
Diastole, auricular and vcji- 
tricular, 411 9 ^- 

-reRpiratovy, 96 

Diet, mixed, its, importance. 

Digastric muscle, 17S1 > 7 ° 
Digestion, 146, 153 
Digits, 5 , 

Double vision, 246 
Jilrink, its necessity to life, 3 
Drinking, how performed, 144 
Drum of the ear, 205, 209 
Ductl^s glands, 63 
Ducts of glands, 131 
Duodenum, 127, 146, 150^* 
Dura mater, 249 

E. 

Ear, 198-213 
E^™nt nerves, 187, 254 
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X^motion, iSS 
Enamel, 143, 289 
Kmlocardiuro( 3^ 

KmlolympU, 30i» 208, 211 
Epidermiii, 8,1113, ^73i 

274 

Epl-lottis, 79, 141, 144, 179, 
181 

Epithelium, 9, 109, 191, 198, 

273-375*, 301 , 

Eretft positLoii of man, 12 
E^eutial foochstufTs, 139 
Ether, 224 , 

EuHtachiaii tuhe^. 140, 205, ' 
207, 2r3_ 

Excrementitious matter, 3, 

133 , 

Excretion, organs of, 3, l$t 
101 

ration ami inspiration, 81, 

89, 91* 93 . 9 S ' 

Extension and flexion, 174 
Extra-vascular parts, 21 
Eye, the, 214-235 * 

-muscles of the, 175 

— humours of the, 227 
r~ adjustUient of the, 229 
Eyelrall, 225 
E^yedashes, 234 
Eyelids, 234 


F, • 

Factal nerves, 264, 268 
Faeces, 15, 139, 298, 299 
Fainting, 53 
Faintness, l83 
Eat’Cells, 283 
Fatigue^ 1S8 

Fats, 134-139, 154, 298^ 299 
Fauces, T40 
Feeling, sense of, 188 
Fenestrae, 204, 206^ 207, 209, 

211 


Fibres and membrane of Corti, 
200, 203, 204, 211, 212 
Fihrillse, 28 [, 292 
FiUrifi, 65, 66^ 124, 134 
Fibrinogen, 69 
Fibrous tissue, 9, 281 
’ Fissure of Sylvaus, 261, 264 
Flexion and estensiou, 174 
Food, 98, 298, 299 

-its necessity to life, 3 

its operation in maintain- 
iiig weight, 4 

-— daily quantity reciuiretl, 
T 33 

Food-stuff's, 134-139* *54 
Foot, 165 

Frog, cirailation in foot of, 

5+1 56 , ■ , ^ 

blood-corpuscles of, 64 

-reflex action of its spinstl 

cord, 257 

Functions of the body, 2 
-of the blood, 72 


a 

Gains and losses of the body, 
117, 298 t 
- of the blood, lof, 103 , 

123.131 

Gall-bladder, 118, ft 2, 146 
Galvanic shocks, effect o^ 14 
Ganglia, 53, 250 , 

Ganglionic corpuscles, 215, 
' , 317, 249 , 293* ^96 
Gaseous elements in food, 

Gases in inspired and expired 
air, 83, 93 

Gases of tlie blood, 74^ 75 
Gastric juice, 145, 148 
Gelatine, 9, 134,. 282 
General death, iS 
Glands, stmaure of, 130 
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GUnJlsp mesenteriG, 2S 
— salivary, 131 


—^ racemo&Ci 131 

-selwiccous, 113 , I 3 tf 

-perspiratory, H2, 131 

-saccular, 131 

--of Liebcrkuhn, 131 

—— baccal, 141 
^--parotic!, 141 

-submaxillaryi 141 

■—— Rublin^^al, 141 

-peptic, 145 

-lachrymal, 234 

—““ Meiliomiali, 234 
Glasses, convex and concave, 

225, 344 

Globulin, 61, 65, 69 
(jlomeruhis, lo 3 
Glossopharyngeal nerves, 193, 
, 26^^ 265 

Glottis, 79, 93, 141, 178, iSo, 
194 

Glucose, 124 
Gluten, 134 
Glycocholic acid, 123 
Glycogen, ny, 124 
Gullet, 8, 140 
(jum as food, [34 
Gums, the, ^88' 

Gustatory nerve, 193, 264 

H. 

HVE^^^TtN^ 61, 65 
llremoglobm, 6r, 65, 7ij 77* 
99, 160 I 

Hairs, 277, 278 
Hand, 171, 192 
Haversian canals, 285, 286 
Head, 5, 166 
Heafin^ 190, 198^-213 
Heart, ^ structure and action, 

6^ IS. 19. 30-57 

-its muscFes, 160 

-sounds of the, 45 


in 

Heat, generation of, 3, 4, 127 

-' ot the hlcjiod, 17, 70 

-of inspired and cxr>iiec{ 

air, 83 

-regulation of, 126-129 

-feeling of, 192 

Heat-producers, 138 
Hepatic artery, 31, 50, il$ 

--duct, I r8 

r—vein, 31, so, 119 
llilus, 104 

Hinge’■joints, 170, 175 
llistplogy, 272-301 
Humerus, i 7 i 
Humours oftho^e, 227 
Hunger, 3 

Hydrogen, 3, 134, 135, 298 

■ 

L 

ICE-CHAMDEi^ experimental, 2 
lleo-csecal valve, 150 
Ileum, 150 
Iliac arteries, lOl 
Ilium, 11 

Illusions, spectral, 240, 302 
Incisors, 143, 290* 

Incus, 205, 206, 21 r 
Inferior vena cava; 29, 104, tip 
Innervation, 248-271 
insensible perspiration, iii 
Insertion and origin of muscle^ 

17s • 

Inspiration and expiration, 8f, 

89. 91, 93.^95 
Integument, 8 

Inter-articular cartilages, 167 
Intercellular substance, 279 
Intercostal muscles, 86, 
Intestines, 15, 150 
Intra-Iobular veinlct, r2o 
Invertebrate animals, 63 
Iris, ito, 227, 229 
Irritation, 187 
Ischium, H 
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J- 

Jejunum, 159 
'Joints^ 162, 167-172 
Judgments and, sensations, 237 
Jumping, 177 


K. 

Kidneys, 6, 16, toi, 104-117, 

’—comparetl with luivgft and 
skin, riG 
Kuee-i>an, 1 1 # * 

Kreatin, 160 


Laryrintus of tlie ear, 198, 
200^ 204., 207, 211 
Lachrymal ducts, 140 

- glands, 234 *■ 

-sac, 235 

T^tealK, 28, 151, 154 
4ju:tic acid,, 160 
Lancelot, the, 63 
laryngoscope, the, 181 
llarynx. So, 177, 181 
Legs, 5 

i —bones of the, 11 
Lens, ciystalUne^ ^ 2 ^ 331^ 

279 

Levator muscle of the eye^, 

334 

Levers, action of the bones, 
163 

Life, 18, 19 

llii^inents, 10^ Ii, 172, 283 
Light, 224 

-sensation of, 214, 219 

limbs, 5 

Lime Carbonate of Lime, 
Phosphate of lime)* 


Li^ne-water, 2 
Lips, 192 
Liver, 6, 117 

-ks structure, 118-122, 29S 

— cells, 117, 120, 122 
—• circulation, ii 3 
I Lobes of the brain, 26a 
Lobules of the liver, 119, 121 
IxMial death, 18 
Locomotion, 15 7, 175 
Luiuinous impressicns, 220 
Lung», 6, 16, 17, 19, 81, 84- 
IDO, lot, 117 

—— their arteries and veins, 
29 

-kidneys and skin com¬ 
pared, 116 
Lympli, 22, 73 
Lymphatic system, 51, 125 

-capillaries, 63 

——- corpuscles, 6j 

’-glands, 2^ 126 

Lymphatics, 8, 26 


M. 

Macula lutea (yellow spot), 
215 , 217, 219, ^22, 226 
Malleas, 205, 207, 209 
Malpighian capsizes, loS 
Marrow, t6i, 2S5 % 
Mastication, 144 ^ 

Mastoid cdls, 206, 

Meat, 138 

j Meatus, internal and external, 
205-20S 

Mechanical force, 3, 4 
Medulla oblongat^ 19, 93 * 
260, 261, 266, 270 
Mental emotion, 13*53 ^ 
Mesenteric glands, 28 
Mesentery, 28 

Minerals as food^ 134, 29S, 299 
Mitral valve, 36 
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teeth, I4J, 290 
Mortificatibn, i 3 
Motion and locomotion, 156- 
1S6 • 

Motor fibre, 159 
Motor nerves, 1S7 
Mouth, 8, 15 « 

Mucous membrane^ 9,141, 145, 

15a 

Mucus, 9 

Muscles, 10^ 132, 157, 153 

-of the ear, 208, 213 

—— of the eyeball, 233 

-of the heart, 36 

-of the mouth, 143 

-of motion and locomo¬ 
tion, 156-186 

of the vessels, 23 

-of the voice, 181 

-striated and smooth, 158, 

291 

—— not attached to ^olid. 
lovers, 160 

—attached to levers, 16 r 
—— minute structure of, 2 91 
Muscular contraction, 12, 14, 

158 

sense, iSS 
—— tissi^, 301 
Musk deer, blood-corpuscles 
of, 64 # 

Myosin, 159 


Nerves, facial, 264 
—™ action on glands, 132 

-r^glossophajyngeal, 193 

-gustatory, 193, 264 ■ 

——- of the h^rt, 53 

-1 action on the kidneys, 

III 

- motor or cffcreiLt, and 

sensory or afferent, 187, 

253 

--actioi#on muscles, 159 

-- olfactory, 194, 196 

—— action on respiration, 93 
— -on the stomach, 

*4S ^ * 

"— -on sweat-glands, 

ti6 * 

-of the tongue, 266 

^lervous action, its rapidity, 
301 

Nervous Jj^slem and innerva- 
tion, 17, £48-271 
Nervous tissue, 293-296 
«Neurilcmma, 191, 294 
Nitrogen, 3, 83, 132, 134, 135, 
298 

Nitrogen starvat^pn, 136 
Nose Smell) 

Nuclei of blood-corpuscles, 60, 

^3 * * 

Nuclei and nucleoli, 272, 287, 
292, 294,-295, 296 
Nutrition, 15, 133-155 



N. 

Nails, 276 

Nasal passages, 93, 158 
Nerve fibres, 293, 295, 301 
Nerves, auditory, 198, 202, 
£08^211,265 
—- of the brain, 264 

- action on blood-vessels, 

129 

-of the^eyc, 214, 216, 264 


O. 

CEsophagus, 8, 80, 140, 144 
Olfactory nerves, 2^ 2^ ^ 
Optic axis, 24I ' * * 

—— nerve, 214, 217, 218,222, 
226, 233, 264 
—— thalami, 262 
Optical delusions, 241 
Orbicularis muscle, 234 
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Origin ftnd insertion of muscles, 

175 

Orra serrata, 2^6, 22 g 
Osmosis, 14S 
Ossa innomlnata^ 11 
Ossification, 285 
Oloconia or otolithesj 199, 
201, 208, 211 

Oxygen, 3, 17, 19, 79, 83, 97, 
98. 123, 133, 298 

P. 

f 

Pai-atb, 139, #92^194 
Pallor, 52 
Palpitation, 53 
Pancreas, 6 ^ 127, 131 
pancreatic duct, 146 

--—juice, I S 3 

Papillary muscles, 35 1 3 ® 
Papillffi, 190^ igi 
Paralysis, 253, 255 
Patella, It, 166 ^ 

Pelvis II 

—- of the kidney, 107 
Pppsin, 14s, 

Peptic glands, 145 
Peptone, 147^ 

P^caidiuTti| 31 
Perilymph, 201, 202, 208, 2fi 
Psiiosteuni, 285, 287 
Feristaitic contraction, 152, 
161 

Peritonenm, 105, iiS, 150 
Perspective, 243 
Perspiration, iii-lty, 300 
Petrosal, 19S 
Phalanges 5 

‘ FKat^nx, 8,'IS, 79^,93. 14° 
Fhofsphate of lime in bone, lO 
Phosphenes, 222, 242 
Physiology, human, 2 
Pia mater, 249 
Pigment cell^ 227, 284 


Pilli^rs of the diaphragm, t 38 

Plvot*joints 170 
Plasma, 59, 66, 72 
Plell^a,,^^4. 

Plexuses, 271 

PneLunogostric nerves, 53i ^54* 
260, 265, 267 
Pons Varolii, 262 
Portal circulation, 50 
Pronation, 171 

Protgds, 125, 134-139 154 

295, 299 

Protein, 3 

Protoplasm, 272, 274 
Pseudoscope, 246 
Ptyalin, 141, 144 
Pubis, II 

Pulmonary capillaries, 78, Si 
Pulse, 45 

Punctum lachrymalc, 235 
Purkinje’s figures, 223 
Putrefaction, 159 
Pylorus, 145, 14S 
Pyramids, 267 


Rp 

KaO£M 05 £ gknds, 131 
Radius, 171 ^ 

UecepUele of th^phyle, 28 
Rectum, 1^2, 155 ^ 

Reflex action, 94, 188, 256, 
268, 269 * 

Reissner^s membranCe, 202, Z04 
penal artery, 107 

-excretion, 301 

-vein, 109 

Respiration, 74-100, 299 

-and circulation, 

anaJogtea of, 94 
Respiratory sounds, 94' 
Restlessness, 1S8 
Retina, 214, 220^-222, 226^ 229 
Ribs, II, 83, 90 
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\<xgor mortis» 159 • 

iti\d cones of the retina, 
216, 223, 301 ^ 

Rotation and circumdftiction, 

174 


Sacrum, ir 

Salamanders, blood-corpuscles 
of, 64 

Saliva, 141, 144 
Salivary ^lauds, 13 1 
Saltsj in food, 13S 
Sarcolemma, 367, 291, 294 
Seal a media of the cochlea, 
198, 200, 201, 203, 207, 
211 , 2r2 

Sea I a Lympaui, 204 
Scala vestibuU, 204 
Scapula, II 
Sclerotic, 21 $, 225 
Sebaceous glands, ti2, 131, 
279 

Secretory inlands, 102 
Semilunar valves, 35, 38 
Sensation, a state of conscious- 
ne^, 18S 

Sensation!*and judgments, 237 

-coalescence of, 236 

——--—ftid sensory organs, 

14,187-213 

Senses, delusions of tlie, 23S, 
302 • 

Sensory nerves, 187 

-organs, 14 * 

Septum, 194 
Serous membranes, 33 
Serum, 33 
—— of blood, 66 
SlghiEig, 90 
Sight, 190 . 

-the organ ofj 214-235 

Singing, 183 
Skeleton, 10 


Skin, S, [6, 102, 111-117, ^9^ 
--lungs and kidneys, com- 

paireti, 116 • 

Skull, 5, 6, 11, 165 
Smd.1, 194-196 
Sneeiting, 90 
SnifTing, 90, 197 
Sound^ 181, i^, 209 
Sounds of the hear!, 43 
Speaking njp,chiiiea, 185 
Spectral illusions, 240, 3P2 
Speech, 177, 1S4 
SpUincler, T05 
Spinal canaj, 6 

—cord, 6,*249, 25S^9t 

263 

--nerves, 248-2551 263 * 

£pme, t66 

Spleen, 6, 126 

Splenic artery and vein, 126 

SquintiDg ^246 

Stapedius muscle, 208, 213 

Stapes, 206, 210 

"Starch, 117, IZ4, ti$, 134, t42, 

>44, 148, >54 
Stereoscope, 247 
Stimulus or irvitalion, 19, 187 
Stomach, 15, 144 
Subjective sensalions, 239 • 
Sublingual glands, 141 
Submaxillary glands, 141 
Sugar, 117,' 12^4, 125, ife, 

142, f44, 148, 154 
Sulphuretted hydrogen, 99 
Superior vena cava, 29 
Supination, 171 
Supra-renal capsules, 126 
Suspensory ligament^ 227 
Sweat-glands, ii3,Ja3i ^ 
Sweet-bread Pancreas) 
Symmetry of the body, 6 
Sympathetic ganglia, 6, 7,24S, 

261, 271 

-nerve, 52, 53 

Synovia, ir, 167 
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Synovial membrane^ llj 167 
Syntonin, 134, 159 
Systole, auricular and ventri 
X ' culatf 41, 96 
--— itspiratA^, 82^ 96 


T, 


Tactile coipuscl^ 191, 294, 
296 

Tastej 192-194 
Taiirochiolic acid, 122 * 

Tears, 235 t. 

Tct;h, 142, 287-291 
Temperature of the blood, 70, 
128 

Tendons, 10, 175, 283 . ^ 

Tensor tympani, 208, 213 
Thamnatrope^ 245 
Thicknesa of the ibVxKl, 7^ 
Thirst, 3 

Thoracic duct, 28, 155 
Thorax, 5 , 84 ‘ 

Thought, 188 
Thymus gland, 126 
liiyro^aryteKoid musdes, 179^ 
1S2 


Thyroid cartilage, 178^ 180 
—— gland, 126 
Tibia, t66 

7 ?e. 8 >V';S 

™ ^ '■ ulSSOltltlC^ 

minute structure of, 272- 
296 

TiBsiic-fomiera,- 13S 


Tongue, 143, 19*1 m 

- not indispeiisable for 

f speech, 1S5 
Tonsils, 140 


Touch, 190-192 
Trachea, 80 

Tianaluaion of blood, 73 
Trammigralioii, 20 
^Trapezium, 170 


Tritaeps muscle, 169, 174 
Tricuspid valve, 35, 36 
Trigeminal nerve, 2^ 

Tripodf of Ll£e^ 19 
Ttunk, S 

Tubules of the kidneys, loS, 
* no 

Turbinal bones, 140, 196 
Tympanum, 205, 209 

V 

u. 

Ulna, 171. 

Urea, 3, 16, loj, 106, 135, 

138 

Ureter, 104 

Urethr^ lOJ 

Uric add, 105, 106 

Urine, 105, joi ' 

Uvula, 140 


V* 

Valves of aorta and pulmo¬ 
nary artery, 26 

-of the heart, 36 

-of lymphatic Cessels, 28 

-of veim, 24 

Valvulse connivent^ K2 
Vascular system, 2 
Vaso-motorcentres and nerves, 
C'l. 2CQ. 261 L 
Vegetable diet, 136^ 137 
Vems, IS, 24, 29 
Velum (s^ palate), 140 
Vena cavae, superior and in¬ 
ferior, 29^ 104 120 
Vena port®, 31, 50^ 118^ ,121, 
127, 152 t 

Venous pulse, 96 
Ventilation, 100. 

Ventricles a the heart, 35, 42 
— of the Isijnx, 179 



INDEX. 




Ventricles of the brain, 26% 
Ventriloquism, 241 
Vermiform appendix, 150 
Vertebrate animals, 63 * 
Vertebrae, 6, 167, 173 
Vestibular sac, 200 
Vibrations of ether, 219 
VilU, 28 

N- of the intestines, 151* 

Vision, single and double,*242 
Vision, single with iwb eyes, 
245 

Visual sise and form, 243 
Vital actions, ]8 
Vital food'Stuflfs, 135 
Vitreous humour, 226 
Vocal chords, 79, 177, ISC’ 
182 

Voice, 177, 183 
Volition; 1S8 

Vowels and consonants, how 
sounded, 1S4 


W. 

WAhking and’running, 176,,^ 

177 

Warmth and toldness, feeling 
of, 192 

Water, 16^ 135, 138^ 298, 299 

-elimination of, 3, 84 

Weight lost in action, 3,4 

-— of constituents of the 

body, 297 
Whispering, 1S4 
Whjf^lltng, 184 
Windpipe, 5 ay qo 
Work and waste, 4, 298 

Y. 

?EtLOTV-SPOT, 216, 217, 219, 

' 222, 226, 3P1 

* •z. 

ZoOTROPE, 24s 


THE END, 
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